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1^ ACLYATED, 24-KETO- VITAMIN U3 COMPOUNDS AND METHODS OF 

USE THEREOF 

Related AppUcaflon 

S lids application claims the benefit of U.S< provisional patent appHcaiion Sen 

No. 60/466,641 filed April 30, 2003, the disQlosure of which application is incoxporated 
herein in its entirety by this reference. 

Backgroqpd of the Invention 

10 The importance of vitamin D (diolecalciferol) in the biological systems of high^ 

animals has been recognized since its discoveiy by Mellanby in 1920 (Mellanby^ £. 
(1921) Spec. Sep. SeK Med lies. Cotmcil (GB) SRS 61 :4). It was in the interval of 
1920-1930 that vitamin D officially became classified as a **vitamin" that was essential 
for the ncmnai development of the skeleton and maintenance of calcium and 

1 5 phosphorous homeostasis. 

Studies involving the metabolism of vitamin D3 were initiated with the discovery 
and chemical cbarajcterizalion of the plasma metabolite, 2S-hydioxyvitamin Q3 
[2S(OH}D3] OBlunt, J.W. et al, (1968) Biochemistry 6:33 17-3322) and the hormonally 
active form, la;25(OH>2D3 (Myrtle^ XF. et al. (1970) Biol Chem. 245:1190-1196; 

20 Noiman, A- W. etal, (1 97 1) Science 173 :5 1-54; Lawson, D.E At et cd. (1971) Nature 
230:228-230; HoUcIc, Mf . (1971) Proc. Natl Acad ScL USA 68:803-804). The 
formulation of tlie concept of a vitamin D endocrine system was dependent both upon 
appreciation of the key role of the kidney in prodacixig la, 2S(OH)2P> in a carefiilly 
regulated feshion Eraser, DJL and Kodioek, E (1970) Nature 288:764-766; Wong, R.G. 

25 et al, (1972) j; Clin. Imest. 5 1 :1287-1291), and Ae discovery of a nuclear receptor far 
la,25(OH)2l>3 (VDaR) in the mtestine (Haussler, MJL et al. (1969) £jip. Cell Res. 
58:234-242; Tsai, and Norman, A.W. (1972)/. £iol Chem. 248:5967-5975), 

The operation of the vitamin D endocrine system depends on ttie following: first, 
on the presence of cytochrome P450 enzymes in the liver (Bergman, T. and Postlind, H. 

30 (1991) JSiochenL J. 276:427-432; Ohyaraa, Y and Okuda, K. (1991) J. Biol Ckem. 
266:8690-8695) and kidney CHeiuy, H.L. and Nonnan, A.W. (1974) J. BioL Chem^ 
249:7529-7535; Gray. R.W. and Ghazarian, J.G. (1989) Biocliem. J. 259:561-568), and 

PI- 
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in a variety pf other tissues to ei&ct the conversion of vitamin D3 into biologically 
active metabolites such as la, 25(OH)2P3 and 24R^S(OH)2D3; second, on the existence 
of the plasma vitamin D binding protein (DBF) to effect iht selective transport and 
delivery of these hydrophobic molecules to the various tissue components of tiie vitamin 

5 D endocrine system (Van Baelen, R ef al (1988) Am NY Acad. Scj\ 538:60-68; Cooke, 
N£. and Haddad, J,G. (1989) Endocr, Itev, 10:294-307; Bikle, D J>- et al. (1986) /. 
ClivL EndocrinoL Metab. 63:954-959); and third, upon the existence of stereoselective 
receptors in a wide variety of target tissues that interact witfi the agonist loc,25(OH)2l)} 
to generate the requisite specific biological responses for this secosteroid hormone 

10 (Pike, J.W, (1991) Anmi. Rev. Ntdtr. 11:189-216). To date, there is evidence that nuclear 
receptors for la,25(OH)2l>d (VD3R) eTcist in more than 30 tissues and cancer cell lines 
(Reichel, H. and Nonnan, A.W- (1989) Amu. Rev. Med, 40:71-78). 

Vitamin D3 and itshannonalty active forms are well4a)Own regulators of 
calcium and phosphorous homeostasis. These compounds are known to stimulate, at 

1 5 least one of^ intestmal absorption of calcium and phosphate, mobilization of bone 
mineral, and retention of calcium in the kidneys. Furthermore, the discovery of the 
presence of specific vitamin D receptors in more than 30 tissues has led to the 
identification of vitamin Eb as a plmipotent regulator outside its clas^caj role in 
calcimnybone homeostasis. A paracrine role for la^5(OH)2 D3 has been suggested by 

20 the combined presence of enzymes capable of oxidizing vitamin P3 into its active forms, 
. e,g,, 2S-OHI>la-hydroxylase, and specific receptors in several tissues such as bone» 
keratinocytes, placenta, and immune cells. Moreover, vitamin D) hormone and active 
metabolites have been found to be capable of regulating cell proliferation and 
differentiation of both normai and malignant cells (Reichel, H. et al (1989) Am. Rev. 

25 Aded 40: 71-78), 

Given the activities of vitamin D3 and its metabolites* much attention has 
focused on the development of synthetic analogs of these compounds. A large number 
of these analogs involve structural modifications in the A ring, B ring, C/D rings, and, 
primarily, the side chain (bouillon, R. et al , Endocrine Reviews 16(2):201-204). 

30 Atdiough a vast majority of the vitamin D3 analogs developed to date involve structural 
modifications in the side chain, a few studies have reported the biological profile of A- 
ring diastereomers (Norman, A.W. et al J. Biol Chem. 268 (27): 20022-20030). 

-2- 
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FnrtfaermorCy biological esierification of steroids has been studied (Hochberg, 
(1998) EndocrRev. 19(3); 331-348X and esters of vitamin are known (WO 
97/11053). 

Moreovo*, despite much effort in developing synthetic analogs, clinical 
S applications of vitamin D and its structural analogs have been lunited by the undesired 
side effects elicited by these compounds after administratiDn to a subject for known 
indications/applications of vitamin D compounds. 

Summary of the Invention 
10 In one aspect^ the invention provides a vitamin Da compound of the fonnula I: 




wherein: 

Xi and Xi are each independently H2 or =CH2, provided Xi andXi are not both 

15 =<:H2; 

Ri and R^are each independently, hydroxy], 0C(0)Ci-C4 alkyl, 
OC(0)hydioxyaIkyl, OC(0)haloa]kyl, provided that K\ and are not both hydroxyl; 

R3 and R4 are each independently hydrogen, C]-C4 alkyl, hydroxyalkyl, or 
haloalkyl, or R3 and R4 taken together with C30 fomi Ca-Q cylcoalkyl; and 
20 R5 and R6 are each mdependently C1-C4 allcyl, hydroxyalkyl, or haloallQfl; and 

pharmaceutically acceptable ^ters» salts, and prodrugs ttiereof. 

In another aspect, the invention provides a method for treating a subject 
ioc a vitamin Dy associated state. The method includes administering to the subject an 

-3- 
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effective amount of a vitamin Da compound of formula L such tibat tiie subject is treated 
for the vitamin Ds associated state. 

In yet another aspect, tiie inventioD provides a pharmaceutical composition. The 
composition comprises an effective amount of a vitamin Da compound of formula and 
S a phatmaceutically acceptable carrier. 

In a fiirther aspect, the me&od provides a method of amelioratmg a deregulation 
of calcium and phosphate metabolism. The method includes administering to a subject a 
therapeutically effective amount of a vitamin Da compound of formula I, so as to 
ameliorate the d^gulation of the calcium and pho^hate metabolism. 
10 In another aspect, the invention provides a method of modulathig the expression 

of an immunoglobulin-like transcript 3 (ILT3) sur&ce molecule in a cell. The method 
includes contactnig the cell with a vhaminDa compoimd of formula I in an amount 
elective to modulate the esqxressioii of an hmnunoglobulin-like transcript 3 (ILT3) 
sur&ce molecule in the celL 
1 S In yet another aspect, the invention provides a method of treating an ILT3- 

associatBd disorder in a subject Hie metiiod includes admmister ing to the subject a 
vitamin lb compound of formula I in an am(Hmt eSBsctive to modulate the expression of 
an ILT3 sur&oe molecule^ thereby treating the ILT3-associated disorder in the subject 
In still another aspect, the invention provides a method of inducing 
20 immunological tolerance in a subject. The method includes admini^tBring to the subject 
a vitamin Xh compound of fonnula I in an amount elective to modulate die e3q)res5ion 
of an ILT3 sur&ce molecule, thetehy inducing immunological tolerance in tiie subject 

In a further aspect, the invention provides a method of inhibiting transplant 
rejection In a subject Hie method includes administering to the subject a vitamin Ps 
25 compound of fonnula I in an amount effective to modulate the expressicm of an ILT3 
sur&ce molecule, thereby inhibiting transplant rejection in tfae subject. 

In yet another aspect, the invention provides a packaged formulation for use in 
the treatment of a vitamin D3 associated state. The packaged formulation includes a 
pharmaceutical composition comprising a vitamin D3 compound of fonnula I and a 
30 phannaoeutically-acceptable carrier, packaged with mstructions for use in the treatment 
of a vitamin associated state^ 

In another aspect; tlie invention provides a packaged formulation for use in the 
treatment of an ILT^3 associated disorder. The packed formulation includes a 
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pharmaceutical compositioii comprising a vitamin D3 compound of formula I and a 
phannaceutically-acceptable ciiirier> packaged with instructions for use in Ifae treatment 
of an ]LT3-^sociated disorder. 

In a further aspect^ the invention provides a method for modulating 
5 immunosuppressive activity by an antigen-presenting celL The method includes 
contacting an antigen-presenting ceU with a vitamin compound of formula I in an 
amount effective to modulate ILT3 surface molecule e3Cpress]on, thereby modulating fht 
immunosuppressive activity by the antigen-presenting cell. 

10 Petailed Description of the Invention 

L DEFINrnONS 

Before further descripticHi of the present invention, and in order that the 
invention may be more readily understood, certain terms are first dejBned and collected 

15 here for convenience. 

The term '^administration" or '^administering" includes routes of introducmg the 
vitamin D3-coropound(s) Id a subject to perform their intended function. Examples of 
routes of administration which can be used include injection (subcutaneous, intravenous, . 
parenterally, intiaperitoneaUy, intrathecal), oral> inhalation, rectal and transdermal. The 

20 pharmaceutical preparations are, of coiurse, given by forms suitable for each 

administration route. For example, these preparations are administered in tablets or 
capsule fonn, by injection, uihalatlon^ eye lotion, ointment, suppositoiy, etc. 
administration by injection, infiision or inhalation; topical by lotion or ointment; and 
rectal by suppositories. Oral administration is preferred. The injection can be bolus or 

2S can be continuous infusion. Depending on the route of administration, the vitamin IH 
compound can be coated with or disposed in a selected material to protect it from natural 
conditions w4iich may detrimentally effect its ability to perform its mlended fimction. 
The vitamin compound can be administered alone, or In conjunction wMi either 
another agent as described above or with a pharmaceutically-acceptable carrier^ or both. 

30 The vitamin D3 compound can be administered prior to &e admhiistration of the oth^ 
agent, simultaneously with the agen^ or after the administration of the agent. 
FurdiermoTB, the vitamin Da compound can also be administered in a proforaa whitdi is 
converted into its active metabolite, or more active metabolite ht vivo. 

-5- 
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The lenn "alkyi'* refers to the radical of saturated aliphatic groups, iocluding 
straight-chain alkyl groups, faranched-chain alkyl groups^ cycloalkyl (alicyclic) groups, 
alkyl substituted cycloalkyl groups, and cycloalkyl substituted allQ^l groups. The term 
alkyl further includes alkyl groups^ which can further include oxygen, nitrogen, sulfur or 
5 phosphorous atoms replacing one or more carbons of the hydrocarbon backbone, e.g., 
oxygen, nitrogen, sulfur or phosphorous atoms* In preferred embodhnents, a straight 
chain or branched chain alkyl has 30 or fewer carbon atoms in its backbone (e.g., CrCao 

* 

for straight cham, C3-C30 for branched chain), preferably 26 or fewer, and more 
preferably 20 or fewer. Likewise, preferred cycloalkyls have from 3-10 carbon atoms in 

10 their ring structure, and more preferably have 3, 4, 5, 6 or 7 carbons in the ring structure. 

Moreover, the term alkyl as used throughout ttie specification and claims is 
intended to inchide bofli ^insubstituted alkyls" and "substituted alkyls," the latter of 
which refers to alkyl moieties having substitumts replacmg a hydrogen on one or more 
carbons of the hydrocarbon backbone. SucU substituents can inchidei for example, 

1 5 halogen, hy droxyl, aJkylcaibonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, 

aiyloxycarbonyloxy, caiboxylate, alkylcaibonyl, alkoacycarbonyl, aminocarbonyl, 
alkylthiocaibonyl, aDcoxyl, phosphate, phosphonato, phosphinsto, cyano, amino 
(including alkyl amino^ dialkylamino, arylamino, diarylamino, and allg^larylaminoX 
acylamino Qnoluduig alkylcaibcmylamino, arylcarbonylamino, carbamoyl and ureido), 

20 amidino. imino, sulfhydryli allsytthio, aiylthio, tfaiocarboxylate, sul&tes, sulfonato, 
sulfamoyl, sulfonamido, ditro^ trifluorometfayl, cyano^ azidoi heterocyclyl. alkylaryl, or 
an aromatic or heteroaromatic moiety. It will be understood by those skilled in the art 
that the moieties substituted on the hydrocarbon chain can themselves be substituted, if 
appropriate. Cycloalkyls can be finther substituted, e,g., with the substituents described 

25 above. An "alkylaxyl'* moiety is an alkyl substituted with an aiyl {e.g,, phenyhnethyl 
(benzyl)). The term ''alkyl" also includes unsaturated alifdiatic groups analogous m 
length and possible substitution to the alkyls described above^ but that contain at least 
one double or triple bond respectively. 

Unless the number of carbons is otherwise specified, "lower alkyP as used 

30 herein means an alkyl group, as defined above, but having from one to ten carbons, 
more preferably from one to six, and most preferably from orie to four caibcm atoms in 
its backbone structure, which may be straight or branched-chain. Examples of lower 
alkyl groups inchide m^yl. ethyl, n-propyl, i-propyl, tertrbutyl, hcxyl, hcptyl, octyl and 

.6- 
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SO forth. In preferred embodhneiit» the term "lower alkyr includes a straight chain alkyl 
having 4 or fewer carbon atoms in its backbone, e.g., C1-C4 alkyl. 

The terms **alko^alkyI,'' "polyaminoalkyl" and '*&ioalkoxyalkyl" refer to alkyl 
groups, as described above, which finthcr include oxygen^ nitrogen or sulfiir atoms 
5 rq^Iacing one or more carbons of the hydrocarbon backbone, e.g., OK/gen^ nitrogen or 
sulfitf atoms. 

The terms "alkenyl" and *'alkynyr' refer to unsaturated aliphatic groups 
analogous in length and possible substitution to the alkyls described above, but that 
contain at least one double or triple bond, respectively. For example, ifae invention 

10 contemplates cyano and propargyl groups. 

The teExn "antigen" includes a substance which elicits an immune response. The 
antigens of die inv^ition to which tolerance is induced may or may not be exogenously 
derived relative to the host For example^ &e method of the invention may be used to 
induce tolerance toan "autoantigen." An autoantigen is a normal constituent of the 

15 body that reacts with an autoantibody. The invention also includes inducing tolerance to 
an "alloantigoi.'* Alloantigen re&is to an antigen fomi only in some members of a 
species, for example ihe blood group substances. An allograft is a graft to a genetically 
difEerent member of the same species. Allografts are rejected by virtue of the 
immunological response of T lymphocytes to histocompatibility antigens. The m^od 

20 of the invention also provides &c inducing tolerance to a "xenoantigen.*' Xexioantigeixs 
are substances that cause an immune reaction due to di£ferences between different 
species. Thus, a xenograft is a graft from a memb^ of one species to a member of a 
different species. Xmografts are usually r^ected witliin a few days by antibodies and 
cytotoxic T lymphocytes to histocompatibility antigens. 

25 The language "^antigra-presenting cell" or ^APC*' includes a cell that is able to 

present an antigra to, for example, a T helper cell. Antigen-presenting cells inchide B 
lymphocytes, accessory cells or non-lymphocytic cells, such as dendritic cells, 
Langerhans cells, and mononuolear phagocytes that help in the induction of an immune 
response by presenting antigen to helper T lymphocytes. The antigeni^resenting cell of 

30 the present mvention is prejEerably of myeloid origin, and faioludes, but is not limited to^ 
dendritic.cells, macrophages, nuxio^tes. APCs of the present invention may be isolated 
from the bone marrow, blood, thymus, epidermis, livers fetal liver, or the spleen. 

-7- 
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Hxe tfinns "antineoplastic agent" and ''antipioliferative agent" are used 
interchangeably heiein and includes agents that have the fdnctional property of 
inhibiting the proliferation of a vitamin £b-responsive cells, e.g,, inhibit the 
development or progression of a neoplasm having such a characteristic, particularly a 
S hematopoietic neoplasm. 

The tarn "aryr as used herein, re&is to the radical of aryl groups, including 5- 
and 6-membered single-rmg aromatic groups that may include from zero to four 
heteroatoms, for example, benzene^ pyrrole, fiiran, fti(q>hene, imidazole, benzoxazole, 
benzotfaiazole, triazole, tetrazole, pyrazole, pyridine, pyraane, pyridazine and 

10 pyrbnidine, and the like. Aryl groups also include polycycUc fused aromatic groups 
such as naphtfayl, quxnolyl, iodolyl, and the like. Those axyl groups having heteroatoms 
in the ring structure may also be referred to as ''aryl hetoocycles/ "heteroaryls" or 
"beteroaromadcs." Hie aromatic ring can be substituted at one or more ting positions 
with such substituents as described above, as for example, halogen, hydroxyl, alkoxy, 

15 alkylcarbonyloxy, arylcarboqyloxy^ alkoxycarbonyloxy, aiylo^Q^carbooyloxy, 
carboxylate, alkykarfoonyl, alkoxycarbonyl, aminocarbonyl, alkyltfaiocarbonyl, 
phosphate phosphonato, phosphinato, cyano, amino (including alkyl amino, 
dialkylamino, arylamino, diaiylamino, and alkylaiylamino), acylamino (including 
alkylcarbonylaminoy arylcarbonylamino, carbamoyl and ureido)^ amidino, imino, 

20 sulfixydryl, alkylthio, aiylthio, tfaiocarboxylate, sul&tes, sulfonato, sulfemoyl, 

sulfonamide, nitro, triflucwomethyl, cyano, azido» heterocyclyl, aOcylaiyl, or an aromatic 
or heteroaromadc moie^. Aryl .groups can also be fiised or bridged with alicyclic or 
heterocyclic rings which are not aromatic so as to form a polycycle (e,g., tetralm). 
The language '^autoimmune disease** or ^autoimmune disorder^ refers to the 

2S condition where the immune syst»i attacks the host's own tissue(s>. In an autounmune 
disease, the immune tolerance system of the patient fidls to recognize self antigens and, 
as a consequence of ^is loss of tolerancej brings tfie force of the immune syston to bear 
on tissues which express the antigen. Autoimmune disorders include, but are not lunited 
to, type 1 insulin-dependent diabetes mellitu^, adult respiratory distress ^drome, 

30 inflammatory bowel disease, detmadtis^ meningitis, thrombotic thrombocytopenic 
purpura, Sjogren's syndrome, encephalitis, uveitis, uveoretinitis, leukocyte adhesion 
deficiency, rheumatoid arduritis, rheumatic fever, Reiter's syndrome, psoriatic arthritis, 
progressive systemic sclerosis, primary biliary currhosis, pemphigus, pemphigoid. 
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necTotizing vasculitis, myasQienia gravis, multiple sclerosis, hipus erythematosus, 
polymyositis, sarcoidosis, granulomatosis, vasculitis, pernicious anemia, CNS 
inflammatory disorder, antigen-antibody complex mediated diseases, autoimmune 
haemolytic anemia, Hashimoto's ttiyroiditis. Graves disease, habitual spontaneous 
S abortions, Reynard's syndrome, gjomenilonepbritis, deimatomyositis, chronio active 
hqwtitis, celiac disease, autoimmune complications of AIDS, atrophic gastritis^ 
ankylosing spondylitis and Addison's disease. 

The language "biological activities" of vitanun D% includes all activities elicited 
by vitamin D3 compounds in a responsive cell. It includes genomic and nonrgenomic 

1 0 activities elicited by these compounds (Gniadecki R. and Calverley M J. (1 99S) 

Pharmacology & ToxicQjogy 82: 173-176; Bouillon, R. etaL (1995) Endocrinology 
Reviews 16(2):206-207;Nonnan A.W..ef at {1992) J. Steroid Biocf^m MoL Biol 
41231-240; Baran t>.T. ei a/. (1991) J. Bone Miner Res. 6:1269-1275; CaJQBrey JM. and 
Faradi<:ar5on M.C. (1989) Jl BioL Chem. 264:20265-20274; Kcanere L et al. (1984) 

1 5 Endocrinology US: 1476-1483). 

The language '^one metabolism" includes direct or mdirect effects in the 
formation or degen^ation of bone structures, bone foimation, bone r^oiption, eft:., 
which may ultimately affect the concentrations in senun of calcium and phosphate. Hiis 
term is also intended to include effects of compounds of tiie invention in bone cells, e.g,^ 

20 osteoclasts aad osteoblasts, that may in turn result in bone fozmation and degeneration. 

The language "calcium and phosphate homeostasis" refers to the careful balance 
of calcium and phosphate concentrations, intracellularly and extracelMarly, triggered by 
fluctuations in the calcium and phosphate concentration in a cell, a tissue, an organ or a 
system. Fluctuations m ealdum levels Ifaat result from dkect or indirect reqionses to 

25 compoimds of die invention are intended to be included by tiiese terms. 

The tram "carcinoma'' is art recognized and refers to malignancies of epithelial 
or endocrine tissues indudiiig respiratory system carcinomas, gastrointestinal system 
carcinomas, genitourinaiy system carcinomas, testioular carcinomas, teeast carcincmias, 
prostatic carcinomas, endocrine system carcinomas, and melanomas. Exi^nplary 

30 carcinomas include those forming from tissue of the cervix, lung, prostate, breast, head 
and neck, colon and ovaiy. The lean also includes carcinosarcomas, eg., which include 
malignant tumors composed of carcinomatous and sarcomatous tissues. An 
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"adenocarcinotda*' lefbis to a carcmoina derived from glandular tissue or in wbicb the 
tumor cells form recoguizable glandular structures. 

ITie term "chiral" rcfos to molecules which have the property of non- 
siq)erimposability of the mirror image partner, while the t&nn **achiTal'* refers to 

S molecules which are sup&dmposable on their mirror image partner. 

The term "diastereomeis" re&rs to stereoisomers with two or more centers of 
dissyromehy and whose molecules are not minror images of one another. 

The tenn ''effective amount'* includes an amount effective, at dosages and for 
periods of time necessary, to achieve 4e desired result, e.g., sufficient treat a vitamin D3 

10 associated state or to modulate ILT3 expression in a cell. An efibciive amount of 
vitamin D3 compound may vary according to factors such as the disease state, age, and 
weight of the subject, and the ability of the vitamin Xh compound to elicit a desired 
response in ttie subject Dosage regimens may be adjusted to provide the optimum 
therapeudc response. An effecdve amount is also one in which any toxic or detrimental 

15 effects (e.g., side efEects) of the angiogenesis inhibhjor compound are outweighed by the 
therapeutically beneficial effects. 

A therapeutically effective amount of vitamin D3 compound (le., an effective 
dosage) may range from about 0.001 to 30 iig/kg body wei^ preferably about 0.01 to 
25 )xg/kg body wei^ more preferably about 0.1 to 20 ^g/kg body weight and even 

20 more preferably about 1 to 1 0 ]ig/kg, 2 to 9 )xg/kg, 3 to 8 (ig/kg, 4 to 7 )Jig/kg, or 5 to 6 
|ig/kg body weight The skilled artisan wiU appreciate "Qiat certain fectors may influence 
the dosagerequired to effectively treat a subject, including but not limited to die severity 
of the disease or disorder, previous tteatments, the general health and/or age of the 
subject and other diseases present Moreover, treatment of a sutgect with a 

25 therapeutically effective amount of a vitamin compound can include a single 

treatment or, preferably, can mclude a smes of treatments. In one example, a subject is 
treated widi a vitamin compound in the range of between about 0.1 to 20 |ig/kg body 
weight, one thne per week fer between about 1 to 10 weeks; prefeiably between 2 to 8 
wedcs, more preferably between about 3 to 7 weeks, and even more preferably for about 

30 4, S, or 6 weeks. It will also be appreciated tibat the effective dosage of a vitamin Dg 
compound used for treatment may inoease or decrease over the course of a particular 
treatment 
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The tenn "enantiomers" refers to two stereoisomers of a compound wfaidi are 
non-superimposable minor images of one another. An equimolar mixture of two 
enantiomers is called a "racemio mixture" or a *'racemate/' 

Hie language ''genomic*' activities or efiects of vitamin is intended to include 
5 tfiose activities mediated by the nuclear receptor for 1 oc» 25(OH)2D3 (VDaR), e.g., 
transcriptional activation of target genes. 

The term ''haloalkyr is intmded to include all^l groups as defined above that 
are mono-, di- or polysubstituted by halogen^ e.g., fluoromethyl and trifluoromethyL 

The teim "halogen" designates -F, -Ci -Br or -L 
10 The tenn "hydroxyl" means -OH, 

The term 'lieteroatom" as used herein means an atom of any element other than 
caibon or hydrogen. Preferred heteroatoms are nitrogen, oxygen, sulfur and phosphorus. 

The term "homeostasis" is att-recognized to mean maintenance of static, or 
constant; conditions in an internal environment 
15 The language "hormone seoetion" is art-recognized and includes activities of 

vftamin Dj compounds that control tbte transcription and processing responsible for 
secretion of a given hormone e.g., a parattiyroid hormone (PTH) of a vitamin D3 
responsive cell bouillon. R. et al (1995) Endocrine Beviews 16(2>:235-237). 

The langcage 'liypeicaloemia" or 'liyp^calcemic activity" is intended to have its 
20 accepted clinical meaning^ namely, mcreases in calcium serum levels that aie manifested 
in a subject by the ibllowmg side e£bcts» depression of central and peripheral nenrous 
system^ muscular weakness, constq)ation, abdominal pain, lack of ^petite and, 
depressed relaxation of the heart during diastole. Symptomatic manifestations of 
hypercalcemia are triggered by a stimulation of at least one of the following acdvities, 
25 intestinal calcium transport^ bone calcium metabolism and osteocalcin synthesis 
(reviewed in BouUion, R, et oL (1995) Endocrinology Reviews 16(2): 200-257). 

The terms "hyperproli&rative" and ''neoplastic" are used interchangeably, and 
include diose cells having the capacity for autcmomous growth, tc^ an abnormal state or 
condition cbamcterized by rapidly proliferating cell growth. Hyperproliferative and 
30 neoplastic disease states may be categorized as pathologic, le,^ charactctizing or 
constituting a disease state, or may be catBgori2)ed as non-pathologic» a deviation 
from normal but not associated with a disease state. The term is meant to hiolude all 
types of cancerous growths or oncogenic processes, metastatic tissues or malignantly 
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transformed cells, tissues, or organs, inespedive of histopathologic type or stage of 
invasiveness. "PaihoJogic bypeiproli&rative" cells occur in disease states characterized 
by malignant tumor growth. Examples of non-pathologic hypezproli&rative cells 
include proliferation of ceDs associated with wound repair. * 

5 The language "immunoglobulin-like transcript 3^ or "ILT3" refers to a cell 

surface molecule of ifae immunoglobulhi SDper&mily. which is expressed by antigen- 
{»:esenting cells (APCs) such as monocytes, macrophages and dendritic cells. ILT3 is a 
member of the inununoglobulin-like transcript QLT) family and displays a long 
cytoplasmic tail containing putative immunoreceptor tyrosine^based inhibitoiy motife 

10 (TTIMs). ILT3 has been shown to behave as an inhibitory receptor when cross-linked to 
• a stimulatory receptor. A cytoplasmic component of the ILT3-mediated signaling 
pathway is the SH2-contain]ng phosphatase SHP-1, which becomes associated widi 
ILT3 upon cross-lniking. ILT3 is also internalized and ILT3 ligands are efficiently 
presented to specific T cells (see, e.g., Cella, M. et al (1997) JI Exp. Med. 183:1743). 

IS The determination of whethor 4ie candidate vitamin Da compound modulates the 
eTipression of fte ILT3 sur&ce molecule can be accomplished, for example by 
ccunparlson of ILT3 surfhee molecule expression to a control, by measuring mSNA 
e3q>ression, or by measuring protein expression. 

An '1LT3^associated disorder" includes a disease, disorder or condition which is 

20 associated with an ILT3 molecule* tLT3 associated disorders include disorders in which 
ILT3 activity is aberrant or in which a nourJLTi activity that would benefit from 
modulation of an ILT3 activity is aberrant In one embodiment, the ILT3-associated 
disorder is an immune disorder, e.g., an autoimmune disorder, such as type 1 insulin- 
dependent diabetes mellitus, adult respiratory distress syndrome, inflammat<»y bowel 

25 dlseasCr dermatitis, meningitis, thrombotic thrombocytopenic purpura, Sjogren's 

syndrome, encephalitis, uveitis, uveoretinitis, leukocyte adhesion deficiency, rheumatoid 
arAritis, ifaeumatic fever, Reiter's syndrome, psoriatic arthritis, progressive systemic 
sclerosis, primary biliary cirrhosis, pemphigus, pemphigoid, necrotizing vasculitis, 
myasthenia gravis^ multiple sclerosis, lupus erythematosus, polymyositis, sarcoidosis, 

30 granulomatosis, vasculitis, pernicious anemia, CNS inflammatory disorder, antigen- 
antibody complex mediated diseases, autoimmune haemolytic anemia, Hashimoto's 
thyroiditis. Graves disease, habitual spontaneous abortions, Reynard's syndrome, 
glomerulonephritis, dermatomyositis, chronic active hepatitis^ celiac disease, 

.12- 



PAGE 19«2 ' RCVD AT 1/92007 7:40:52 PM [Eastern Standard Time] ' SVR:USPTMFXRF-1110 ' DNiS:2738300 ' CSID:6174394170 ' DURAHON (niin-ss):24-22 



01/05/2007 19:46 FAX 6174394170 E.A.P.SO. @020/082 



autDimmmic complicatioiis of AIDS, atrophic gastritis, ankylosing spondylitis and 
Addi£on*s disease; or transplant rejection, such as GVHD» In certain embodiments of 

■ 

the invention, the ILT3 associated disorder is an immnne disorders, such as transplant 
rejections, graft versus host disease and autoinummB disorders. 
S The term " immune response" includes T and/or B cell re^nses, e.g., cellular 

and/or humoral inunune responses. Tht claimed meflK)ds can be used to reduce both 
primary and secondary inunune responses. The immune response of a subject can be 
determined by, for example, assaying antibody productiop, immune cell proliferation^ 
fhe release of cytokines, &e expression of cell surfiice matkers, cytotoxicity, and the 
10 like. 

The tenns *immimological tolerance" or ^'tolerance to an antigen" or "unmune 
tolerance" include unresponsiveness to an antigen without the induction of a prolonged 
generalized immune deficiency. Consequently, according to the invention, a tolerant 
host is citable of reacting to antigens olhn than the tolerizing antigen. Tolerance 

1 5 represents an induced depression in the response of a subject that, had it not been 

subjected to tfae tolerance-ioducing procedujre, would be competent to mount an immune 
response to that antigen. In one embodiment of the invention, inununological tolerance 
is induced in an antigen-presenting cell, e,g,, an antigen-presenting cell derived from the 
myeloid or lymphoid lineage, d^dritic cells^ monocytes and macrophages. 

20 The language ^immunosuppressive activity" refers to the process of inhibiting a 

normal immune response. Included in this response is when T and/or B clones of 
lymphocytes are depleted in size or suppressed in Ifaeir reactivity, expansion or 
differentiation. Immunosuppressive activity may be in the &nn of inhibiting or 
blocking an immune response already in progress or may involve preventhig die 

25 induction of an immime response. The functions of activated T cells may be inhibited 
by suppressing immune cell responses or by inducing specific tolerance, or both. 
Immtmosuppression of T cell responses is genmlly an active, non-antigen-specific, 
process that requires continuous exposure of the T cells to the suppressive agent 
Tolerance^ which involves inducing non-responsiveness or anergy in T cells, is 

30 distinguishable fiom inmiunosuppression in that it is genmtUy antigen-specific and 
persists after exposure to tiie tolerizing agent has ceased. Operatioiially, tolerance can 
be demonstrated by the lack of a T cell response upon re-exposure to specific antigen in 
the absence of the tolvizing ag»t 
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The language *1niiH0ved biological properties" refers to any activity inherent in a 
compound of the invention that enhances its efifecdveness tn vivo. In a preferred 
embodiment, this term refers to any qualitative or quantitative unproved ti^rapeutic 
property of a vitamin D3 compound, such as reduced toxicity, e.g. , reduced 
S hypercalcemic activity. 

The language "inhibiting fte growth" of the neoplasm includes the slo^dng, 
interrupting, arresting or stopping its growth and metastases and does not necessarily 
indicate a total elhnination of the neoplastic growth. 

The phrase "^inhibition of an inmnme response" is intended to include decreases 
10 in T cell proliferation and activity, e.g., a decrease in IL2, interfcron-y. GM-CSF 

syndiesis and secretion (Lemire, J. M. (1992) J. Cell Biochemistry 49:26-31, Lemire, J, 
M. et al, (1994) Endocrinology 135 (6): 2813-2821; Bouillon, R. et <d. (1995) Endocim 
Review 16 (2):231-32). 

The tenn "isomers" or "stereotsomeis" refers to compounds which have identical 
15 chemical constitutiont but differ with regard to the arrangement of tibe atoms or groups 
in space. 

The tenn "leukemia" is intended to have its clinical meaning, namely, a 
neoplastic disease in which wtiite coipusde maturation is arrested at a primitive stage of 
cell development The disease is characterized by an mcieased number of leukemic 

20 blast cells in the bone manow, and by varying degrees of &iluie to produce normal 
hematopoietic cells. The condition may be either acute or chronic. Leukemiasare 
further typically categorized as being eidier lympbocytic Le.y being characterized by 
cells which have properties in coDomon with normal lymphocytes^ or myelocytic (or 
myelDgeaous>, characterized by cells having some charact^stics of normal 

25 granulocytic cells. Acute ^phocytic leukemia ("ALL") arises in lymphoid tissue, and 
ordinarily first manifests its presence in bone manow. Acute myelocytic leukemia 
("AML") arises fiom bone marrow hematopoietic stem cells or then- progeny. The term 
acute myelocytic leukemia subsumes several subtypes of leukemia: myeloblastic 
leukemia^ promyelocyte leukemia, and myelomonocytic leukemia. In addition, 

3 0 leukemias vAih erythrold or megakaryocytic properties are considered myelogenous 
leukemias as well. 

The term 'leukemic cancer^ refers to all cancers or neoplasias of die hemopoietic 
and immune systems (blood and lymphado system). The acute and chronic leukemias* 
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together with the other types of tumois of the blood, bone marrow cells (myelcmiasX and 
lymph tissue Qyinphomas), cause about 10% of all cancer deaths and about 50% of all 
cancer deaths in children and adults less than 30 years old. Chronic myelogenous 
leukemia (CML), also known as chronic gzanulocydc leukemia (CGL), is a neoplastic 
5 disorder of the hematopoietic stem cell. Tht tena 'leukemia" is art recognized and 
refers to a progressive, malignant disease of blood-fonning organs, maiked by 
distorted proliferation and development of leukocytes apd their precursors in the blood 
and bone marrow. 

The term "modulate" refers to increases or decreases in the activity of a ceU in 

10 response to exposure to a compound of the invention, e.g., the inhibition of proliferation 
and/or induction of difTeroDitiation of at least a sub-population of cells in an animal such 
that a desired end result is achieved, 6.g.» a therapeutic result. In preferred 
embodiments, this phrase is intended to include hyperactive conditions tiiat result in 
patholc^c^ disorders. 

15 The common medical meaning of the tenn "neoplasia*" refers to "new cell 

growth" that results as a loss of responsiveness to normal growth controls, e.g. to 
neoplastic cell growth. A '"hyperplasia" te&is to cells undergoing an abnormally high 
rate of growth. However, as used herein, the tenns neoplasia and hyperplasia can be 
used interchangably, as their cont^ will reveal, referring to generally to cells 

20 experiencing abnormal cell growth rates. Neoplasias and hyperplasias include "tumors," 
which may be either benign, premalignant or maligpant. 

The language "non-genomic" vitamin Pb activities faclude cellular (^.g„ calcium 
transport across a tissue) and subcellular activities (e.g., membrane calcium transport 
opening of vohage-gated calcium channels, changes in intracellular second messengers) 

25 elicited by vitamin D3 ccMnpounds in a responsive cell. Electrophysiological and 

Iriochenucal teefaroques far deteetmg Ihese activities are kno^ in ihe ait. An example 
of a particular weU-studied non-^inoinic activity is the rapid homKmal stimulaticm of 
intestinal calcium mobilization, termed '^janscaltachia" (Nemeie (19S4) 
Endoainobgy 1 15:1476-1483; Uebeilien- }A.etcd. (19S9) J. Biol. Chem. 264:20403- 

30 20406; WaURJLeraiL (1992) ^mfocritto^ogv 131:1125-1133; Wall ILK.e/ a/. (1992X 
Am. J. Physiol 262:G945-G953; Wali ILK. et aL (1990) Clin. Lwest 85:1296-1303; 
Bolt MJ.G. et cL (1993) Biocksnu J. 292:271-276). DetaQed descriptions of 
experimental tnmscaltachia are provided in Norman. A.W. (1993) &viocrinology 

-15- 

PAGE 22182 ' RCVD AT 1/512007 7:40:52 PM [Eastern Standard Time] ' SVR:USPT&EFXRF-1/10 ' DNIS:2738300 ' C8ID:617439t17{ ' DURATION (inin<s):24-22 



01/05/2007 18:47 FAX 6174394170 



E. A.P.SD. 



@ 023/082 



268(27):20022-20030; Yoshimoto, Y. andNoiman, A-W. (1986) 
Endocrinotogylli:2300'2304, Changes in calcium activiQr and second messenger 
systems are well known in the art and are extensively reviewed in Bouillion, R. ei al 
(1995) Endocrinology Beview 16(2): 200-257; the description of whicli is incorporated 
5 herein by re&rence. 

The phrases "parenteral administration^* and "adnunist^^ed parenterally'' as used 
heiBio means modes of administration other ihan enteral and topical administration, 
usually by injection, and includes, without limitation, intravenous^ intramuscular, 
intraarterial, intrathecal, intracapsular, intraorbital, intracardiac, intradermal, 

10 intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticulare, subcapsular, 
subarachnoid, intraspinal and intrastemal injection and infusion. 

The tenns **poIycyclyr or "polycyclic radical" refer to the radical of two or more 
cyclic rings (e.g., cycloalkyls, cycloalkenyls, cycloalkynyls, aryls and/or heterocyclyls)- 
in which two or more caibons are oommon to two adjoining rings, e.g., the rings are 

1 5. ^'fiised rings". Rings that are johted through non-adjacent atoms are termed 'Imdged'* 
rings. Each of the rings of the polycycle can be substituted with such substituents as 
described above, as for example, halogen, hydroxyl, all^loarbonyloxy, arylcarbonyloTO', 
aUcoxycarbonylo37, aryloxycarbonyloxy, carboxylate, aOcylcaxbonyl, alkoxycaxbonyl, 
aminocarbonyl, allcytthiocarfoonyl, alkoxyl, phosphate, phosphonato, phosphinato, 

20 cyano, ammo (including alkyl ammo, dialkylamino, arylamino, diarylamino, and 
alkylarylamino), acylamino (including al^ylcarbonylamino, arylcarbonylamino, 
carbamoyl and ureido), amidino, imino, sul&ydiyl, alkylthio, arylthio, thjocarbo^late, 
sul&es, sulfonate, sut&moyl, sulfonamide, nitro. triflucromethy], cyano, azido, 
heterocyclyl, all^, alkylaryl, or an aromatic or heteroaromatic moiety. 

25 The term "prodrug"' includes compounds with moieties which can be 

metabolized in vivo. Generally, the prodrugs are metaboli2:ed in vivo by esterases or by 
other mechanisms to active drugs. Examples of prodrugs and their uses are well known 
m the art (See, e.g, Berge et oL (1977) •'Phannaceutical Salts", J. Pharm, Scl 66:1-19). 
The prodrugs can be prepared in situ during the final isolation and purification of the 

30 compounds, or by separately reacting the purified compound in its finee acid form or 
hydroxyl with a snitable esterifying agent Hydroxyl groups can be converted into esters 
via treatment with a cartx»orlic acid. Examples of prodrug moieties mclude substituted 
and unsubstituted, branch or unbranched lower alkyl ester moires, (£.g., propionoic 
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acid estm), lower alkeiQri estets, di-lower alkyI-<ammo lower-alkyl esters (e.^.. 
dimetfaylamiaoethyl ester), acg^lamino lower alkyl esters (e.g., acefyloxymetfayl e$t«:), 
ac^loxy lower alkyl esters (c.^., pivalpylcoymethyl ester), aryi esters (phenyl ester), 

« 

aiyMower alkyl esters (e,g,, benzyl ester), substituted (e.g., wifli methyl, halo, or 

5 meAioxy substituents) aiyl and aiyMower allgrl esters, amides, lower-alkyi amides, dl- 

lower aJkyl amides, and hydroxy amides. Preferred prodrug moieties are propionoic 

acid esters and aoyl esters. Fnxlrugs .which are converted to active fornius tbough o& 
mechanisms n? vivo are also included. 

The language "a prophylactical^ efibctive anti-neoplastio amount" of a 
1 0 compound re&rs to an amount of a vitamin I>3 compound of the formula (I) or otherwise 
described herein whidh is effective, iqxm single or multiple dose administration to the 
patient, in preventing or delaying the occurrence of the onset of a neoplastic disease 
state. 

The term ''psoriasis'' is intended to have hs medical meaning^ namely, a disease 
1 5. which afQicts primarily the skin and pnxluces raised, thickened, scaling, nonscaning 
lesions. The lesions are usually sharply demarcated erythematous papules covered with 
overlapping shiny scales. Hie scales are typically silvery or slightly opalescent. 
Involvement of the nails frequently occurs resulting in pitting, separation of the nail« 
thickening and discoloration. Psoriasis is sometimes associated with arthritis, and it 
20 may be cripplmg. 

The language "reduced toxicity" is intended to include a reduction in any 
•undesired side effect elicited by a vitamin P3 compound when administered in vivo, e.g:, 
a reduction in flie hypercalcemic activity. 

The term ^'sarcoma" is art recognized and refers to malignant tumors of 
25 mesenchymal derivation. 

The term "secosteroid" is art-recognized and includes compounds in which one 
of the cyclopentanoperhydro- phenanthrene rings of the steroid ring structure is broken. 
1gc;25(OH)2D3 and analogs thereof are hoimonally active secostcroids. In the case of 
vitamin P3, the 9-10 caibon-carbon bond of the Bning is broken, generating a seco-B- 
30 steroid. The ofGciai lUPAC name for vhamin D3 is 9,10-SBcocholesta-5,7,10(19)-^en- 
3B-0L For convenience, a G^s^trmts conformer of la,25(OH)2l>3 is illustrated herein 
having all carbon atoms numbered using standard steroid notation. 
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In the fonnulas presented herein, the various substituents on ring A are 
illustrated as joined to the steroid nucleus by one of these notations: a dotted line (— ) 

S indicating a substituent lA/hich is in the ^-orientation {Le. , above the plane of the rin^ a 
wedged solid line (^) indicating a subsdtuent which is in the Ororientation (Le, , below 
the plane of die molecule), or a wavy line ( '^'^^^^ ) indicating that a substituent may be 
either above or below the plane of the ring, hi regard to ring A, it should be understood 
that the stereochemical convention in the vitamin D field is opposite from flie general 

10 chemical field, wherein a dotted line indicates a substituent on Ring A which is in an a- 
orientation (ie. » below the plane of the moleculeX and a wedged solid line indicates a 
substituent on ring A which is in the p-orientation {ie. , above the plane of the ring). As 
shown, the A ring of the honncxie la,25(OH)2D3 contains two asymmetric centers at 
carbons 1 and 3» each one containing a hydroxyl group in well-characterized 

15 configurations, namely the lo^ and 3^ hydroxyl groups. In other words, carbons 1 and 
3 of the A ring are said to be "chiral carbons" or **carbon centers." 
The term "sidfiiydiyl" or '*thiol" means -SH. 

The term "'subjecf ' uicludes organisms which are capable of suffoing fitnn a 
vitamin D3 associated state or who could otfierwise benefit fiiom the administration of a 
20 vitamin Th compound of the invention, such as human and non-human animals. 

Preferred human animals include human patients sa£Eering irom or prone to suffering 
from a vitamin I>3 associated state^ as described herein. The term "non-human animals'* 
of the invention includes all v^tebrates, e^,, , mammals, e,g,, rodents, e.g,, mice, and 
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nooHoiammals, such as non-human primates, sheep, dog, cow, chickens, amphibians^ 
reptiles, etc. 

The phrases ^systemic administration/ "axiministered systemicaliy*, "perq)heral 
administration'* and ^^administered peripheral^" as used herein mean fhe administration 

S of a vitamin D3 compound(sX drug or other material, such that it enters the patient's 
system and^ thus^ is subject to metabolism and other like processes^ for example, 
subcutaneous administration. 

Tlie language '"therapeutically effective anti-neoplastic amount^ of a vitamin D3 
compound of the invention refers to an amount of an agent which is effective, upon 

10 single or multiple dose administration to the patient, in inhibiting the growth of a 

neoplastic vitamin D^^responsive cells, or in prolonging tfie survivability of die patient 
with such neoplastic cells beyond that e3q)ected in the absence of sw^ tnato 

Hie language **transplant rqection" refiars to an immune reaction directed against 
a transplanted organ(5) from other human donors (allografts) or from other species such 

15 as sheep, pigs, ornon-human primates (xenografts). Therefore, the melhod of the 

invffltion is useful for preiventing an immune reaction to transplanted organs fiom otlier 
human donors (allografts) or fiom otiier species (xenografts). Such tissues for 
transplantation inchide, but are not limited to, heart, liver» kidney, lung, pancreas^ 
pancreatic islets, bone marrow, brain tissue^ cornea, bone, intestme, skin, and 

20 hematopoietic cells. Also included within this definition is ^graft versus host disease^' 
of "OVHD^ which is a condition where the graft ceUs mount an immune response 
against the host Hierefore, the method of the invention is useful in preventing graft 
versus host disease in cases of mismatched bone marrow or lymphoid tissue tran^Ianted 
for the treatment of acute leukemia, aplastic anemia, and enzyme or immime 

25 deficiencies, for example. The term 'transplant rejection'' also includes disease 

symptoms characterized by loss of organ function. For example, kidney rejection would 
be characterized by a rising creatine level in blood. Heart rejection is characterized by 
an endomyocardial biopsy, vsAiile pancreas rejection is characterized by rising blood 
glucose levels. Liver rejection is characterized by the levels of transaminases of liver 

30 origin and bilirubtai levels in blood. Intestme rejection is determined by biopsy, while 
lung rejection is determined by meas ur ement of blood oxygenation. 

The terms "urogenitar, "urogmital system" and "urogential tract" are used 
interchangeably and are intended to include all organs involved In reproduction and ui 
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the foimation and voidance of mine. Included wilii in these tenns ^e fhe kidneys, 
bladder and piostate. The teim "VDR'* is intended to inclnde members of the type n 
class of steroid/diyioid superfamily of receptois (Stunnenberg, H.G. (1993) Bio Essays 
1 S(S):309-ISX which are able to bind and transactivate tfaroagb the vitamin D response 

5 element (VDRE) in the abs^ice of a ligand (Damm et aL (1989) Nature 339:593-97; 
Sap et aL Nature 343:177-180). 

The term ''VDKE'^ refers to DNA sequences composed of half-sites arranged as 
direct repeats. It is known in the art that type II receptees do not bind to dieir respective 
binding site as homodimers but require an auxiliary &ctor, BXR (e.g. KXR(X» KXRP> 

10 RXRy) for high afSnily binding Yufi/ at (1991) CeC 67:1251-1266; Buggec/a/. 
' (1992) EMBO J. 11:1409-1418; Kliewerc/ a/. (1992) Jytoure 355:446-449; Leid er a/. 
il992)EMBOJ. 11:1419-1435; Zhang (1992) iVa/ii?^ 355:441-446). 

The language 'Srifamin Da associated state" is a state which can be prevented, 
treated or otherwise ameliorated by administration of one or more compounds of fhe 

1 5 invention. Vitamin p3 associated states include ILT3-associated disorders, disorders 
characterized by an aberrant activity of a vitamin Eh-i^^ssponsive cell, disorders 
characterized by a deregulation of calchim and phosphate metabolism, and other 
disordm or states described herein. 

The t^m 'Vitamm Priesponsive cell" mcludes any cell which is is capable of 

20 responding to a vitamin Eh compound having fte formula I or othermse d^c^ibed 
herein, or is associated with disorders involving an abmant activity of 
hypeiprolifistative akin cells, parathyroid cells, neoplastio cells, immune cells, and bone 
cells. These cells can respond to vitamin D3 activation by triggering genomic and/or 
non-gMomic responses that ultimately result in the modulation of cell proliferation, 

25 difiEbrentiation survival, and/or other cellular activities, such as hormone secretion. In a 
prefeired embodiment, the ultimate responses of a cell are inhibition of cell proliferation 
and/or induction of difEerentiadon-specific genes. Exemplary vitamin D3 responsive 
cells include immune cells, bone cells, neuronal cells, endocrine cells, neoplastic cells, 
epideimal cells, endodennal cells, smooth muscle cells, among others. 

30 Widi respect to the nomenclature of a chiral center, terms ''dT and 'T 

configuration are as defined by the lUPAC Recommendations. As to the use of the 
terms, diastereomer, racemate, epimer and enantiomer will be used in their normal 
context to describe the stereochemistry of preparations. 
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2, VITAMIN COMPOUNDS OF THE INVENTIQN 

5 The acylated vitamin D3 compounds of fomvia I above exert a full spectrum of 

1,25(011)203 biological activities such as binding to Hie specific nuclear receptor VDR^ 
suppression of the mcreased paraftyroid hormone levels in 5,6-nephTectomized rats, 
suppression of INF-7 release in MLR cells, stimulation of HL-60 leukemia cell 
difierentiation and inhibition of solid tumor cell proliferation. It is well known that in 

10 vfvo and hi cellular cultures l,25-(OH)2l>3 undergoes a cascade of metabolic 

modifications initiated by ttie influence of 24Rrhydroxylase enzyme. First 24R-hy«droxy 
metabolite is formed, which is oxydized to 24-kelo intermediate, and then 23S- 
hydrc»£ylation and fragmwtation produce the fully inactive calcitroic acid. 

Unexpectedly, it has been found that l,3^0-diaoetyl-I,2S-diydr(>xy-16-ene-24- 

15 keto-19-n(^-cholecalciferol^ a ccmpound in accordance widi the invention (shown 
below), has a maximum tolerated dose (MTD) that is more than 300 times that of file 
corresponding dihydroxy compound, l,2S-dihydroxy-16-ene^24k3eto*19-nor- 
cholecalciferol (also shown below). 




1 ,3-0-Diacetyl-1 ,25-dihydroxy-16- ^ ,25-dihydroxy-1 6-ene-24-kfii!>-1 Q-nor- 

20 ene-24-ketD-ie-nor-cholecalcifBrol oholeralciferol 



Thus, in one aspect the mvention provides vitamin D3 compounds of the 
formula I: 
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wherein: 

X) and Xi are each independently H2 or '=CH2s provided X] and Xi are not both 

5 "CHa; 

Ri and are each independoi^, hydroxyl, OC(0)Ct-C4 aJkyl, 
OC(0)hydroxyaIky OC(0)fluroralkyl, provided that Ri and R2 are not both hydroxyl; 

R3 and R4 are eadi independently hydrogen, C1-C4 alkyl^ hydioxyallqy^l, or 
haloalkyl, or R3 and R4 taken together wilh C20 form Ca-Q cylcoalkyl; and 
10 R5 and R6 are each independently C1-C4 alkyl, hydroxyalkyj, or haloalkyl; and 

phannaceutically acceptable esters, salts, and prodrugs thereof. 

In one embodiment^ X] and X| are each H2. In another embodiment, R3 is 
hydrogen and R4 is Cx-Ca all^L In a preferred embodiment R4 is methyl. 

In anotli^ embodiment, Rs and R^ are each hidependently methyl, ethyl or 
IS fiuoromcthyl. In a preferred embodiment, and R6 are eadi metfayL 

In yet anodier embodiment, Ri and R2 are each independently hydroTQ^l or 
0C(O)CrC4 aUeyl. In a preferred embodiment, R] and R2 are each OC(0)Ci«C4 alfyl^ 
In another preferred embodiment^ Ri and R3 are eadi acetyloxy. In still another 
embodiment, the haloalkyl group can be a fluoroalkyl group, for example, fluoromethyl 
20 and trifluoromethy. A preferred compound is l,3-0-diaG6tyl-l,2S-diydro>:y-16-ei»-24* 
keto-19-nor-cholecalciferol» having the following structure: 
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The structoies of some of the compounds of the inventioi] include asymmetric 
10 carbon atoms. Accordingly, die isomers arising from such asymmetry {e.g., all 

enantiomers and diastereomeis) are included ^within the scope of die invention, unless 
indicated otherwise. Such isomers can be obtained in substantially pxire form by 
classical separation techniques and/or by. stereochemicaily controlled synthesis. 

Naturally occurring or synthetic isomers can be separated in several ways known 
13 in the art Mediods for separating a racemic mixtLure of two enanliamers inclu^^ 
diromatography using a chiral stationary phase (see, e.g., , "Chiral Liquid 
Chromatography;' WJ. Lou^, Bd. Chapman and Hall, New York (1989)). 
Enantiomos can also be sef»araled by classical resolution techniciues. For example, 
formation of diastereomeric salts and fiactional crystallization can be used to separate 
20 enantiomers. For the separation of enantiomers of carboxylic acids^ the diastereomeric 
salts can be formed by addition of enantiomerically pnre chiral bases such as brucine^ 
quinine, ephedrine, strychnine, and the like. Alternatively^ diastereomeric est^s can be 
fbnned with enantiomerically pure cfaiiial alcohob such as menthol, followed by 
sepaiation of the diastereomeric esters and hydrob^sis to yield the free, enantiomericaUy 
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ranched carboxylic acid. For sepaiatioQ of the optical isomers of amino compounds, 
addition of chiral carboxylic or sulfonic acids, such as cainphorsulfonic acid, tartaric 
acid» mandelic acid, or lactic acid can result in formation of the diasteieomerlc salts. 

5 USES OF THE VITAMI N D. COMPOUNDS OF THE INVENTION 

In another embodiment die invention also provides methods for treating a 
subject for a vitamin D3 associated state^ by administerbig to the subject an effective 
amount of a vitamin D3 compound of formula 1 or otherwise described h^ein. Vitamin 
Ps associated states include disorders involving an aberrant activity of a vitamin Dy 

10 responsive cell, e.g., neoplastic cells, byperproliferative skm cells, parathyroid cells, 
immune cells and bone cells, among others. Vitamin Xh associated states also include 
ILT3«dssociated disorders. In certain embodiments, the subject is a mammal, e.g„ a 

primate, e.g., a human. 

In certain embodiments^ &e methods of flie invention include administering to a 

15 subject a flierap^calty efiective amount of a vitamin £b compound m combhwtion 
with another pharmaceutically active compound Examples of pharmacuetically active 
compounds include compounds known to treat autoimmune disorders, e,g>, 
inimunosiq>pressant agents such as cyclosporin A, rapamycin, desoxyspergualin^ FK 
506* steroids, azathioprine, anti-T cell antibodies and monoclonal antibodies to T cell 

20 subpopulations. Other pharmaceutically active compounds that may be used can be 
found in Harrison's Principles of Eternal Medicine, Thirteenth Edition, Eds. T Jl. 
Harrison et al McGraw*Hill N.Y., NY; and the Physicians Desk Reference SOth Edition 
1997, Oradell New Jersey, Medical Economics Co., die complete contents of which are 
expiressly incorporated herein by reference. The angiogenesis inhibitor compoimd and 

25 the pharmaceutically active compound may be administered to the subject in the same 
phaimaceutical composition or in diffeient pharmaceutical compositions (at the same 
time or at difierent times). 

A. Hvperproliferative Conditions 
30 In anodier aspect, the present invention provides a method of treatfaig a subject 

for a disorder characterized by aberrant activity of a vitamin Qs'^respoiisive cell. The 
method involves administ^ing to the subject an effective amount of a pharmaceutical 
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composition of a vitamin Dj compound of formula I or othorwise described herein sudi 

» 

that the activity of the cell is modulated. 

Id certain embodiments, die cells to be treated are hyperproli&rotive cells . As 
described in greater detail below, the vitamin compounds of the inventioD can be 

5 used to inhibit the proliferation of a variety of hyperplastic and neoplastic tissues. Id 
accordance with the present invmtion, vitamin D3 compounds of the invention can be 
used in the treatment of both padiologic and non-pathologic proliferative conditions 
characterized by xmwanted growth of vitamin I>3-Te$ponsive cells, e,g,, 
hyperprolifierative skin cells, immune cells, and tissue havmg transformed cells, e.g., 

10 su^ as carcinomas, sarcomas and leukemias. In other mibodiments, the cells to be 
treated are abmant secretory cells, e.g., parathyroid cells, immune cells. 

The use of vitamin D compounds in treatmg hyperprolifeiative conditions has 
been limited because of their hypercalcemic effects. Thus, vitamin P3 compounds of the 
invention can i^vide a less toxic ahemative to current methods of treatment 

IS In one embodiment, the invention fbatmes a method jfor inhibiting the 

proliferadon and/or inducing the diffmndadon of a l^qperproliferative skin celU e.g., an 
epidermal or an epithelial cell, £.g:, a keratmocytes, by contacting the cells with a 
vitamin Ds compound of the inventionu In geaeraJ^ the method incltides a step of 
contacting a pathological or non-pathological hypeiprolifbrative cell widi an effective 

20 amount of such vitamin Da compound to promote the differentiation of the 

hyperproliferative cells The present method can be performed on cells m culture, e,g,, 

> 

in vitro or ex vivo, or can be performed on cells present in an animal subject, e.g., as part 
of an in vivo therapeutic protocol The therapeutic regimen can be carried out on a 
human or any other animal subject. 

25 The vitamin D3 compounds of the present invention can be used to treat a 

hyperproliferative skin disorder. Ex^plaiy disorders mcludfs, but are not Umited to, 
psoriasis, basal cell carcinoma, keratmization disorders and keratosis. Additional 
examples of these disorders include eczema; lupus associated skm lesions; psoriatic 
arthritis; rheumatoid arthritis that involves hyperproliferation and inflamm ation of 

30 epithelial-related cells lining the joint capsule; dennatitides sudi as seboxiheic dermatitis 
and solar dermatitis; keratoses such as seborrheic keratosis, senile keratosis, actmic 
keratosis, photo-mduced keratosis, and keratosis follicularis; acne vulgaris; keloids and 
prophylaxis agamst keloid fomiation; nevi; warts hicluding veiruca, condyloma or 
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15 



condyloma acununatuzn, and human papilloma viral (HPV) infections such as venereal 
leukoplakia; lichen planus; and keratitis. 

In an iUustzative example, vitamin D3 compounds of die invention can be used to 
inhibit the bypeipioli&ration of keradnocytes in treating diseases such as psoriasis by 
administering an effective amount of these compounds to a subject in need of tceatment. 
Tlie term 'psoriasis'* is intended to have fts medkal meaning, namely, a disease which 
afiOicts prunarily the skin and produces raised, thickened, scaling, nonscaning lesions. 
The lesions are usual^/ sharply demarcated erythematous papules covered with 
overlapping shiny scales. The scales are typically ^very or slightly opalescent 
InvolvCTient of the nails fiequently occurs resulting in pitdng, separatiot^ of the nail. 







1 


hi 



may be crippling. Hyperproliferation of keradnocytes is a key feature of psoriatic 
epidermal hyperplasia along with epidennal inflammation and reduced differentiation of 
keradnocytes. Multiple mechanisms have been invoked to explain the keratmocyte 
hyperproliferatton that dbaracterices psoriasis. Disordered cellular immunity has also 
bera unplicated in the pathogenesis of psoriasis^ 



B. Neoplasia 

The invention also features methods &r inhibitmg the proliferation and/or 
20 reversing fhe transformed phenotype of vitamin Ds-responsive hyperproliferative cells 
by contacting the cells with a vitamin compound of formula I or otherwise described 
herein. In general, the method includes a step of contacting pathological ornon- 
pathological hyperproliferative cells v^th an effective amount of a vitamin D3 compound 
of the invention fer promoting the differentiation of the hyperproliferative cells. Hie 
25 present method can be performed on cells in culture, e,g,, in vitro or ex vrvo, or can be 
performed on cells present in an animal subject^ e.g., as part of an in vivo therapeutic 
protocol. The tb^apeutic regimen can be carried out on a human or odier subject 

The vitamin I>3 compounds of formula I or odierwise described herein can be 
tested udttally in vitro for fteir inhibitory effects in the proliferation of neoplasdo cells. 
30 Bxamples of cell lines that can be used are transfinmed cells, e.g., the human 

promyeloid leukemia cell line HL-60, and the human myeloid leukemia U-937 cell line 
(Abe E. et al (1981) Proc. Natl, AccuL ScL USA 78:4990-4994; Song L J^. and Cheng T. 
(1992) Btochem Pharmacol 43:2292-2293; Zhou J.Y. et aL (1989) Blood 74:82-93; US, 
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Pfft. Nos, 5,401,733, U^. 5,087,619). Alternatively, flie antitumoial effects of vitamin 

compounds of th^ invention can be tested in vrw? using various animal models known 
in the art and summarized in Bouillon, IL et al (1995) Eiviocrine Sbvisws 16(2):233 
(Table E), which is incorporated by refiMOTce hereSn. For ejcample, SL mice are 
5 routinely used in tiie art to test vitamin D compounds as models for MI myeloid 

leukemia (Honma etal (1983) CeUBiol 80:201-204; KasukabeT. etal (1987) Cancer 
Res. 47:567-572); breast cancer stuidies can be performed in, for example, nude mice 
models for human MXl (ER) (Abe J. et al, (1991) Endocrinology 129:832-837; other 
cancers, e.g., colon cancer, melanoma osteosarcoma, can be charactBri2Led in, for 
10 example, nude mice models as describe in ^isman J, A- et al. (X987) Cancer Ses, 
47:21-25; Kawaura A, et oL (1990) Cancer Lett 55:149-152; Belleli A- (J992) 
Carcinogenesis 13.2293-2298; TsuchiyalL e/ at (1993)/. Orthopaed Res. 11:122-130). 

The subject m^od may also be used to iidiibit the proliferation of 
hyperplastic/neoplastic cells of hraiatopoietic origin, e.g., arising from myeloid^ 
15 lymphoid or erytbnnd lineages* or precursor cells thereof. For instance, the present 
invention contemplates the treatment of various myeloid disorders mcluding, but not 
limited to, acute promyeloid leuk^a (APML), acute myelogenous leukemia (AML) 
and chronic myelogenous leukemia (CML) (reviewed in Vaickus, L. (1991) CritRev. in 
OncoL/HemotoL lli267-97). Lymphoid malignancies which may be treated by the 
20 subject method include, but are not limited to acute lymphoblasdc leukemia (ALL) 
which includes B-lmeage ALL and T-lineage ALL, chronic lymphocytic leukemia 
(CLL), prolymphocytic leukemia (PLL), hairy cell leukemia (HLL) and Waldenstrom's 
macroglobulinemia (WM). Additional forms of malignant lymphomas contemplated by 
the treatment method of the present invention include, but arc not limited to non- 
25 Hodgkin lymphoma and variants tiiereof, peripheral T cell lymphomas, adult T cell 
leukemia/lymphoma (ATL), cutaneous T-cell lymphoma (CTCL% large granular 
lymphocytic leukemia (LOF) and Hodge's disease. 

In certain embodiments, the vitamin Th compounds of the invention can be used 
in combinatorial tiierapy with conventional cancer chemotiierapeutics. Conventional 
30 treatment regimens for leukemia and for otfa«- tumors hichide radiation, drugs, or a 
combination of both. In addition to radiation, the following drugs, usually in 
combinations witfi each other, are oBsa used to treat acute leukemias: vincristine, 
prednisone, methotrexate, mercaptopurine^ oyolophospbamide. and cj^tarabiue. Id 
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chronic leukemia, for example, busul&n, melphalan, and ohlorambucil can be used in 
combination. All of the conventional anti-cancer drugs are hi^y toxic and tend to 
make patients quite ili while undergoing treatment Vigorous therapy is based on the 
premise that unless evezy leukemic cell is destroyed, the residual cells will multiply and 

5 cause a relapse. 

The subject method can also be useful in treating malignancies of &e various 
organ systems, such as affecting lung, breast, lymphoid, gastrointestinal, and genito- 
urinary tract as well as adenocarcinomas which include malignancies sudi as most colon 
cancers, lenal-celi carcinoma^ prostate cancer and/or testicular tumors, non-small cell 

1 0 carcinoma of the lung, cancer of the small intestfaie and cancer of tfie esophagus. 

According to the general paradigm of vitamin D3 involv^ent in difGsrentiation 
of transformed cells, exemplary solid tumors that can be treated according to the method 
of the preset invention include vitamin Da-responsive phenocypes of sarcomas and 
carcinomas such as» but not limited to: fibrosarcoma, myxosarcoma, liposarcoma, 

IS chondrosarcoma, osteogenic sarcoma, chordoma, angiosarcoma, endotheliosarcoma, 
lynqphangiosarcoma, lymphangioendotheliosarcoma, synovioma, mesotfaetioma, 
Ewing's tumor, leiomyosarcoma, rhabdomyosarcoma, colon carcinoma, pancreatic 
cancer, breast cancer, ovarian cancer, prostate cancer, squamous cell carcinoma, basal 
cell carcinoma, adenocarcinoma, sweat gland carcinoma, sebaceous gland carcinonid, 

20 papillary carcinoma, papillaiy adenocarcinomas, cystadenocarcinoma, medullary 
carcinoma, bronchogenic carcinoma, renal cell carcinoma, hepatoma, bile duct 
carcinoma, choriocarcinoma, seminoma, embryonal carcinoma, Wilms' tumor, cervical 
cancer, testicular tumor, lung carcinoma, small cell lung carcinoma, bladder carcmoma, 
epithelial carcinoma, glioma, astrocytoma, meduUoblastoma, craniopharyngioma, 

25 ependymoma, pinealoma, hemangioblastoma, acoustic neuroma, oligodendroglioma, 
menin^oma, melanoma, neuroblastoma, and retinoblastoma. 

Determination of a therapeutically effoctive anti-neoplastie amount or a 
piophylacticaUy effective anti-neoplastic amount of ttie vitamin Da compound of tiie 
invention, can be readily made by the physician or veterinarian (the "attending 

30 clinician"X es one skilled in the art, by the use of known techniques and by observing 
results obtained under analogous circumstances. The dosages may be varied depending 
upon the requiTMients of the patient m the judgment of tiie attending clinician, the 
severity of the condition being .treated and the particular compound being employed. In 
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detennining tfae therq[)eutically effective antineoplastic amount or dose, and the 
prophylacticaDy efEbctive antineoplastio amount or dose, a nmnber of &ctors are 
considered by the att^ding clinician, including but not limited to: the specific 
hypeipla5tic/iieopIa$tic cell involved; phannacodynamic characteristics of the particular 

S agent and its mode and route of administFadon; flie desbder time course of treatment; 
&e species of mammal; its si^e^ age» and general health; the specific di$ease involved; 
the degree of or mvolvement or the severity of the disease; the response of the mdividual 
patiCT.t; the particular compound administered; the mode of administration; the 
bioavailability charaoteristics of die preparation admhiistered; tfae dose regimen 

10 selected; the kind of concurrent treatmnt (te,, the interaction of the vitamin I>3 

compounds of the invention with other co-admioistered therapeutics); and other relevant 
circumstances. U.S. Patent 5^427,916, for ^auaaple^ describes m^od for predicting the 
effectivness of antineoplastic therapy m individual patients, and illustrates c^taln 
methods which can be used in cotqunction with the treatment protocols of the instant 

IS invention. 

Treatment can be initiated with smaller dosages which are less than the optimum 
dose of the compound. Thereafter* die dosage diould be mcreased by small increments . 
until tiie optimum effect under the circiimstances is reached. For convenience, die total 
daily dosage may be divided and admixustered in portions during die day if desired. A 
20 therapeutically efiective antineoplastic amount and a prophylactically effective anti- 
neoplastic amount of a vitamin E>3, compound of the invention is expected to vary fipom 
about 0.1 milligram per kilogram of body weight per day (mg/kg/day) to about 100 
mg/kg/day. 

Compounds which are detennined to be effective for the prevention or treatment 
25 of tumors in mimalj^, e,g., dogs, rodents, may also be usefiil in treatment of tumors in 
humans. Those skilled in the ait of treating tumors in humans will know, based upon 
the data obtained in animal studies, the dosage and route of administration of the 
compound to humans» In general) the dosage and route of administration in humans is 
expected to be similar Id that in animals. 
30 The identification of those patients who are in need of prophylactic treatment for 

hyperplastici^eoplastic disease states is well witiiin the ability and knowledge of one 
skilled in the arc Certain of the methods for identification of patients which axe at risk 
of developing neoplastic disease states which can be treated by the subject metiiod are 
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appreciated in the medical arts^ sudi as fiamily history of the developmait of a particular 
disease state aad the prcseaace of risk fectors associated with the development of that 
disease state in the subject patient A clinician skilled in the art can teadily identify such 
candidate patients, by the use o^ for example, clinical tests, physical e>camiDation and 
5 medical/family history. 

r. Tmm uniological Aotivitv 

HealOiy mdividuals protect themselves against foreign invaders using many 
difEerent mechanisms, including physical barriers* phagocytic cells in the blood and 

IQ tissues^ a class of immune cells known as lymphocytes, and various blood-bom 
molecules. All of these mechanisms participate hi de&nding individuals from a 
potentially hostile enviromnent. Some of tfiese defense mechani^% known as natural 
or innate immunity, are present in an individual (Hior to exposure to Infectious microbes 
or other foreign macromolecules, are not enhanced by such exposures, and do not 
' IS discriminate among most foreign substances. Other defense mechanisms, known as 
acquired or ^ecific immunity, are induced or stimulated by e3q>08are of foreign 
substances, are exquisitely specific for distmct macromolecules, and increase in 
magnitude and defensive capabilities witti each successive exposure to a particular 
macromolecule. Substances that induce a specific immune response are laiown as 

20 antigens (see, Abbas, A. er at. Cellular and Moleculat Immunology, WJB, 

Saunders Company. Philadelphia, 1991; Silverstein, A»M. A history of Immunology, 
San Diego, Academic Press, 1989; Unanue A. ei d.^ Textbook of Immunology^ 2 ed. 
Williams and Wiikens, Baltimore, 1984). 

One of the most i^markable properties of the immune system is its ability to 

25. distinguish between foreign antigens and self-antigens. Therefore, the lymphocytes in 
each individual are able to recognize and respond to many foreign antigens but are 
nomially unresponsive to the potmtiaOy antigenic substances present in the individual. 
This inmiunological xmresponsiveness is re&rred to as immune tolerance (see, e.g, Burt 
RK et al (2002) Btoo</ 99:768; Couflnho, A. etal (2001) Immunol Rbv^ 182:89; 

30 Schwartz, RH (1990) Science 248:1349; Miller, IF. et at (1989) Immunology Today 
10:53). 

Self-tolerance is an acquired process Aat has to be learned by the lymphocytes of 
each individual. It occurs in part because lymphocytes pass throu^ a stage hi tfieir 
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development vAtsn an enoounter with antigen presented by antig^presejiting cells 
(APCs) leads to their death or inactivatLon in a process known as positive and negative 
selection (see, e.g., Debatin KM C^OOl) Am. HematoL SO Suppl 3:B29; Abbas, A. 
(1991), supra). Thus, potentially se]f-ffecogai2uig lymphocytes come failo contact witti 

5 self-antigens at this stage of fiincdonal hrunoturity and are prevented fiom developing to 
a stage at which they would be able to respond to self-antigens. Autoimmunity arises 
when abnormalities in the induction or mahitenance of self-tolerance occur that result in 
a loss of tolerance to a particular aiitigen(s) and a subsequent attadc by the host's 
immune system on the host's tissues that express the antigen(s) (see» e.f Boyton RJ et 

10 aL (2002) Clin Esq>. ImmumL 127:4; Hagiwara E. (2001) Ryumachi 41:888; Burt RK et 
oL (^992) Blood 99:76S). 

The ability of the immune system to distinguish between self and foreign 
antigens also plays a critical role in tissue transplantation. The success of a transplant 
depends on preventing the immune system of the host recipient fiom recognizing the 

1 5 transplant as foreign and, in some cases, preventing the graft fiom recognizing the host 
tissues as foreign. For example, when a host receives a bone manow transplant the 
tran^lanted bone marrow may recogoisse the new host as fbreigUi resulting in grafi 
versus host disease (GVHD)» Consequently, the survival of the host depends on 
preventing both the rejection of the donor manow as well as rejection of the host by the 

20 graft immune reaction (see, e.g., Waldmann H et al, (2001) Im. Arch Allergy Immunol 
126:11). 

Cmrently, deletoions immune reactions that result in autoimmune diseases and 
transplant rejections are prevented or treated using agents such as stmids, azathioprhie, 
anti-T cell antibodies, and more recently, monoclonal antibodies to T cell 

25 subpopulations. Immunosiq)piessive dmgs such as cyclosporin A (CsA), rap^^ 
desoxyspergualine and FK-506 are also widely used. 

Nonspecific immune suppression ag»ts, such as steroids and antibodies to 
lymphocytes, put the host at increased risk for opportunisitc infection and development 
of tumors. Moreover, many immunosuppressive drags result in bone demineralization 

30 withm the host (see, €.g;, Chhajed FN er a?. (2002) //ufion J, Chest Dis. Allied AA^m-, 
Wijdicks EF (2001) Liver TranspL 7:937; Karamehic J et al. (2001) Med. ArK 55:243; 
U.S. Patent No. 5,597^63 issued to Besohomer. WE and U.S. Patent No. 6,071,897 
issued to DeLuca HF et aL), Because of the major drawbacks associated with existing 
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immunosuppressive modalities, there is a need for a new approach for treating immune 
disorders, e.g., for inducing immune tolerance in a ho^ 

Thusi in another aspect, the invention provides a method for modulating the 
activity of an immune cell by contacting the cell with a vitamin Da compound of 

5 formula I or otherwise described herein. 

In one embodiment, the present invention provides a method for suppressing 
immune activity in an immune cell by contacting a padiological or non-padiological 
immune cell with an elective amount of a vitamin D3 compound of the invention Id 
thereby inhibit an immune response relative to the cell in the absence of Ae treatment. 

1 0 The present method can be performed on cells in culture, e.g;, in vitro or ex yfvo^ or can 
be performed on cells present in an animal sobject, e,g„ as part of an in vivo therq^eutic 
protocol. In vivo treatment can be carried out on a human or other animal subject 

The vitamin p3 compoxmds of the invention can be tested initially in vitro for 
their mhibitOTy efifects on T cell proliferation and seotetoiy activity, as described in 

IS Reichel, H. et aL, (1987) Proe. Nad. Aead Sci, USA 84:3385-3389; Lemire, L M et al. 
(1985) J. Jmmtawl 34:2032-2035, Alternatively, the immunosuppressive efiBbcts can be 
tested in vivo using the various animal models known in the art and summarized by 
Bouillon, iLetaL (1995) Endocine Reviews 16(2) 232 (Tables. 6 and 7). For example^ 
animal models for autoimmune disorders, e.g., lupus, thyroiditis, enc^halitis, diabetes 

20 andnq>hritis are described in ^mire J.M. (1992) J. beUBiochem. 49:26-31; Koizumi 
T. et al. (1985) InL ArcK Allergy AppL ImnunoL 77:396-404; Abe J. et al. (1990) 
Calcium Regulation and Bone Metabolism 146-151; Foumier C. et al (1990) Clin. 
Lnmimol ImmunopaOtol 54:53-63; Lemire JM. and Archer D.C. (1991)7. Clin, Invest, 
87:1103-1107); Lemii«, J.M.etal, (1994) EndocrlnoloQf 135 (6):2818-2821;InabaM. 

25 et al. (1992) Metabolism 41 :631-635; Mathieu C. et oL (1992) Diabetes 41:1491-1495; 
Mathieu C. et al. (1994) Diahetologia 37:552-558; lillevang ST. et al (1992) Clin. 
Exp. Immvnol 88:301-306, among others). Models fer charaoterizmg 
immunosuppressuve activity during organ transplantation, e.g., skin graft, cardiac graf^ 
islet graft, are described m Jordan S.C. et al (1988) v Herratii D (eds) Molecular, 

30 Cellular and Clinical Endocrinology 346-347; Veyron P. etal. (1993) Transplant 
bnmtaiol 1 :72-76; Jordan S.C. (1988) v Heirafh D (eds) Molecular, Cellular and 
Cliniccd Endocrinology 334-335; Lemire JM. etd. (1992) Transplantation 54:762-763; 
Mathieu C. etal. {l994yTransplant Proc. 26:3128-3129). 
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After iderrttfying certain test compounds as ^ective supptesors of an iimnmie 
resDonse in vitro* these compounds can be used in vivo as part of a therapeutic protocol. 
Accordingly, anodber aspect of the invention provides a method of suppressing an 
immune response, comprising administering to a subject a phaimaoeutical preparatim of 
5 a vitamin Th compounds of the invention, so as to mhibit immune reactions sach as graft 
rejection, autoinmiune disorders and inflammation. 

In one embodiment* the inventicMi provides a method for treating a subject for a 
vitamin D3 associated state, wherem the vitamhi Th associated state is ao BLT3- 
associated disorder, by administ^ng to Ae subject an effective amount of a vitamin D3 
10 compound of the invention. In one embodiment, the the ILT3-associated state is an 
immune disorder. In certain embodiments, the immune disorder is an autoimniune 
disord^. In other embodiments, &e immune disorder is transplant rejection. 

For example, the subject vitamin D3 compound of fte invention can be used to 
inhibit responses in clinical situations where it is desirable to downmodulate T cell 
15 responses. For example, in graft-v^sus^host disease, cases of transplantation, 

autounmune diseases (including for example, diabetes mellitus, arthritis (including 
ifaeumatoid atthiitis, juvenile rheumatoid arthritis, osteoarthritis, psoriatic arthritis), 
multiple sclerosis, encephalomyelitis, diabetes, myasthenia gravis, systemic lupus 
erythematosis, autoimmune thyroiditis, dermatitis (including atcqnc dermatitis and 
20. eczematous dermatitis), psoriasis, Sj5gren's Syndrome^ including keratoconjunctivitis 
sicca secondary to Sjdgren's Syndrome, alopecia areata, allergic responses due to 
arthropod bite reactions, Crohn's disease, aphthous ulcer, iritis, conjunctivitis, 
koatoconjunctivitis, ulcerative colitis, astona, allergic asthma, cutaneous lupus 
^ytfaematosus, scleroderma, vaginitis, proctitis, drug ttuptionsjeprosy reversal 
25 reactions, erytiiema nodosum leprosum^ autoimmune uveitis, allergic enoqvhalomyelitis, 
acute necrotizing hemorrhagic encephalopathy, idiopathic bilateral progressive 
sensorhieural hearing loss, aplastic anemia, pure red cell anemia, idiopathic 
thrombocytopMia, polychondritis, Wegener's granulomatosis, chronic active h^titis, 

« 

Stevens-Johnson syndrome, idiopatinc sprue, lichen planus, Crohn's disease, Graves 
30 ophtiialmopathy, sarcoidosis, primaiy biliary ciiiliosis, uveitis posterior, and interstitial 
hmg fibrosis). Downmodulation of inmiune activity will also be desirable in cases of 
allergy such as, atopic allergy. 
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Another aspect of the mvaitioD provides a melhod of modulating the expre^on 
of an imrnvnoglobulin-like transcript 3 0LT3) surfece molecule in a cell. The method 
includes contacting the cell with a compound of formula I in an amount effective to 
modulaie the expression of an immunoglobulinrlike transcript 3 (ILT3) surface molecule 
5 m the cell. In one embodiment, cell is within a subject a subject la another 

emobidmentthe modulation is upregulfftion of expression. In other embodiement, the 
moduIatLon is downregulationo of expression. 

A realated aspect of the invention provides a method of treatmg an ILT3- 
associated disorder in a subject. The method includes administering to tiie subject a 
10 compound of formula I in an amount effective to modulate the esqyression of an ILT3 
surface molecule, thereby treating the ILT3-associated disorder In the subject 

In certain embodiments, the present invention provides mettiods and 
compositions for treating immune disorders, such as, fer example, autonnmune 
disorders and tranqjlant rejections, such as graft versus host disease (GVHD). Ttese 
1 5 embodimaits of the invention are based on the discovery that vitamm Ih compounds of 
4e invention arc able to modulate the expression of immunoglobulin-iike transcript 3 
(ILT3) on cells, e.g., antigen-presenting cells. 

Accordingly, anoflier aspect of the invention provides a method fijr inhibiting 
transplant rejection in a subject The method includes administering to the subject a 
20 compound of formula I hi an amount effective to modulate the esqiression of an ILT3 
surface molecule, thereby inhibiting tran^Iant rejection in fte subject. In one 
embodiment, the transplant is an organ transplant In auothtt^ embodument, the 
transplant is &pancreatic islet transplant In yeat anoflier embodhnent, the transplant is a 
bone marrow transplant 
25 As described before, detciminfltian of a therapeutically effective 

immunosuppressive amount can be readily made by the attending clmician, as one 
skilled in the art, by the use of known techniques and by observing results obtained 
under analogous circumstances. Compounds whidi are determined to be effective in 
animals^ e.g., dogs, rodents, may be extrapolated accordmgly to humans by those skilled 
30 in the art Starting dose/reguncn used in anunals can be estfanated based on prior 
studies. Far example, doses of vitamm D3 compounds of tfie invention to treat 
autoimmune disorders in rodents can be initially estimated m the range of 0.1 g/kg/day 
to 1 g/kg/day, administered orally or by injection. 
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Those skilled in the art will know based upon the data obtained in animal studies, 
the dosage and route of administration in humans is expected to be simOar to fliat in 
animals. Bxemplsiy dose ranges to be used in humans are from 0^5 to 10 i^g/d^y^ 
preferably 0.5 to 5 jig/day per adult (U.S. Pat No. 4,341,774). 

5 

Calofaim and Phosphate Homeostasis 
The piesent invention also relates to a method of treating in a subject a disorder 
characterized by deregulation of calcium metabolism. This method comprises 
contacting a pathological or non-pa&ological vitamin D3 responsive cell with an 
10 effective amount of a vitamin D3 compound of fl» invention to thereby directly or 
indirectly modulate calcium and phosphate homeostasis. Techniques for detecting 
calcium fluctuation in yjvo or m vitro are lalo^;vn in the art 

Exemplary Ca+^ homeostasis related assays include assays tiiat fbous on the 
intestine v/here hitestinal 45Ca2+ absorption is detOTMned elflier 1) in vim ^bberd 
15 KA. and Noiman A.W. (1969) Biochem. PharmacoL 18:2347-2355; Hurwitz S. et al. 
(1967) J. Niiir. 91:319-323; BicHe D.D. et al (1994) Endocrinology 114:260-267), or . 
2) in vitrv with everted duodenal sacs (Schachter D. et al (1961) Am. J. Physiol 
200:1263-1271X or 3) on the genomic induction of calbindin-D28k i° *® ^ 
calbtodin-Dgk in the rat (Thomasset U.etal. (1981) FEBSLett, 127:13-16; Brehier A. 
20 and Thomasset M. (1990) Endocrinology 127:580-587). The bone-oriented assays 
include: 1 ) assessment of bone resorption as determined via tiie release of Ca^"^ from 
bone in vhfo (to animals fed a zero Cs?-'^ diet) (Hibbeid KA. and Nomwn A*W. (1969) 
Biochem, Phamtacol 1 8:2347^2355; Hurwitz S, er a/. (1967) J. Nutr, 91 :3 19.323X or 
from bone explants in vitro ^uillon R. et al (1992) J. Biol Chenu 267:3044-3051), 2) 
25 measurement of serum osteocalcin levels [osteocalcin is an osteoblast-specific protein 
that afber its synthesis is largely incorporated into the bone matrix, but partially released 
into the circulation (or tissue culture medium) and thus represents a good mari^et of bone 
formation or tuinover] (Bouillon R. et al (1992) Clin. Chem. 38:2055-2060), or 3) bone 
ash content(NonnanAW. and Wong R.G. (1972) JliVwrr. 102:1709-1718). Only one 
30 kidney-oriented assay has been employed. In this assay, urinary Ca2+ excretion is 

detcmimed (Hartenbower DX, et al (1977) Walter de Gniyter, Berlin pp 587-589); ttiis 
assay is dependent upon elevations m tiie senim Ca2+ level and may reflect bone Ca2+ 
mobilizmg activity more than renal effects- Finally, tiiere is a "soft tissue calcification" 
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assay that can be used to detect the consequences of administiation of a compound of 
the mvention. In this assay a rat is administered an intraperitoneal dose of '^^Ca^'^ 
followed by seven daily relative hi^ doses of a compound of the invention; in the event 
of onset of a severe hypercalcemia, soft tissue calcification can be assessed by 
5 detenninatlon of the ^^Ca?~^ level. In aU these assays;, vitamin D3 compounds of the 
invention are administered to vitamin D-si]£5cient or -deficient animals^ as a single dose 
or chronically (depending upon the assay protocol), at an appropriate time interval 
before the end point of the assay is quantified. 

In certain ^bodiments, vitamin D3 compounds of the invention can be used to 

10 modulate bone metabolism. The language "bone metabolism" is intended to include 
direct or indirect effects in the formation or degeneration of bone structures^ €Lg., bone 
formation, bone resorption, etc., which may ultimately affect l3xc concentrations in 
senmi of calcium and phosphate. This term is also intended to include effects of vitamin 
eompoxmds in bone cells, e.g. osteoclasts and osteoblasts^ that may in turn result in 

IS bone formation and degeneration. For example, it is known in the art, that vitamin Da 
compounds exert effects on the bone forming cells, the osteoblasts through genomic and 
nonrgoiomic pafiiways (Walters MJL et al (1982) J. Biol Chem. 257:7481-7484; 
Jurutka P.W. et aL (1993) Biochemistry 32:8184-8192; Mellon W.S. and DeLuca HJP. 
(1980) Jl BtoL Chem, 233:4081-408^* Similarly, vitamin Th compounds are known in 

20 the art to siqpport different activities of bone resorbing osteoclasts such as the 

stimulation of differentiation of monocytes and mononuclear phagocytes into osteoclasts 
(Abe E. et al (1988) J. Bone Miner Res. 3:635-645; Takahashi N. et aL (1988) 
Endocrinology 123:150^1510; Udagawa N. et al (1990) Proc, Natl Acad: Set USA 
87:7260-7264). Accordingly, vitamin Ds compounds of the invention that modulate the 

25 production of bone cells can influence bone formation and degeneration. 

The present invention provides a mettiod for modulating bone cell metabolism 
by contacting a pathological or a non-pathological bone cell with an effective amount of 
a vitamin D3 compound of tiie invention to thereby modulate bone formation and 
degeneration. The present method can be performed on celb m caltur6> e.g,, in vitro or 

30 ex vim, or can be performed in cells present in an animal subject, e.g,, cells in vivo. 
Exemplary culture systems tiiat can be used include osteoblast cell lines, e,g., ROS 
1 7/2.8 cell line, monocytes, bone marrow culture system (Suda T. et al (1990) Med 
Res. Rev. 7:333-366; SudaT. etal (1992) J. Cell Biodhern. 49:53-58) among others. 

-36- 
PAGE 43/82 ' RCVD AT 1iSI2007 7:40:52 PM [Eastern Standard Time] ' SVR:USPTO{FXRF-1i10 ' DNIS:2738300 ' CSID:6174394170 ' DURATION M:24-22 



01/05/2007 19:54 FAX 6174394170 E.A.P.80. 3044/082 



Selected coznpoimds can be iiirdier tested in vivo, for example, aaimal models of 
osteopetrosis and in human disease (Shapira F. (1993) Cliru Orthop. 294:34-44). 

In a preferred emboduneut, a method for treating osteoporosis is provided, 
comprising admimstering to a subject a pharmaceutical preparation of a vitamin Da 
5 compomid of the invention to thereby ameliorate fte condition relative to an untreated 
subject 

Vitamin compounds of the invention can be tested in ovarectomized animals, 
£.g., dogSy rodents, to assess the changes in bone mass and bone fonnstion rates in both 
normal and estrogw-deficient animals* Clinical trials can be conducted in humans by 

10 attending clinicians to determine therapeutically effective amounts of the vitamin L>3 
compounds of the invention in preventing and treating osteoporosis. 

In odier embodunents^ tiier^peutic applications of the vitamin D:^ compounds of 
ttie invention include treatment of otiier diseases characterized by metabolic calcium and 
phosphate defici»cies« Exemplary of such diseases, are the foUowmg: ostec^orosis, 

15 osteodystrophy, osteomalacia, rickets, osteitis jBbrosa cystica, renal osteodystrophy, 
osteosclerosis, anti-convulsant treatment, osteopenia, fibrogenesis-imperfecta ossium, 
secondaiy hyperparathyrodism, hypoparathyroidism, hyperparatiiyroidism, cirrhosis, 
obstnictive jaundice, drug induced metabolism, medullaxy carcinoma, chronic renal 
disease, hypophosphatemic VDRR, vitamin D-dq)endeDt riclcets, sarcoidosis, 

20 glucocorticoid antagonism* malabsoiption syndrome, steatorrhea, tropical sprue, 
idiopathic hypercalcemia and milk &v^. 



E, Hormone Secretion 

In yet another aspect, iba present Invention provides a method for modulating 
25 hormone secretion of a vitamin Thr responsive cell, e.g., an endocrine cell. Hormone 
secretion includes both genomic and non-gencMnic activities of vitamin D3 compounds 
of the invention that control the transcription and processing responsible for secretion of 
a given hoimone e.g.^ parathyroid hormone (PIH), calcitonin, insulin, prolactm (E^RL) 
and TRH hi a vitamin D3 responsive cell (Bouillon, IL et al. (1995) Endocrine Reviews 
30 16(2):235-237). 

The present metiiod can be pofbrmed on cells in culture, e.g. tn vitro or ex v/vo, 
or OA eells present in an anhnal subject, e.g., tn vivo. Vitamin compounds of the 
invention can be initially tested in vitro using primary cultures of paratiiyroid cells. 
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Other systems that can be used include lie testmg by prolactin secredon in rat pituitary 
tumor cells, e.g., GH4CI ccU line (Waric JD. and Taslyian Jr. AJHL (1982) 
&idocrmology 111:1755-1757; Wwk J. D. and Tashjian Jr. AJH. (1983) J. BioL Chem. 
258-21 18-2121; WarkJJJ. andGurtlerV. (1986) fi/octem. J. 233:513-518) and TRH 

5 secretion in GH4C 1 cells. Alternatively, the effects of vitamin I>3 compounds of the 
invention can be charactoized in vivo using animals models as described in Nkx) M. et 
tJ. (1982) Miner Electrolyte Metab. 5:67-75; Ob^F. etd, (1993) J. Imimatol. 
150:3487-3495; Bar-Shavh Z. et al (1986) Endocrinology 1 18:679-686; Testa U, et ed. 
(im) J. ImtmmoL 150:2418-2430; NakamaldT.e/o/. {1992) Anticancer Res. 120331- 

10 1337; Weinberg J.B. and Larrick J.W. (1987) JBW 70:994-1002; Gbambaut-Gudrm 
A.M. and Thomopoulos P. (1991) Eur. CytoUneNew. 2:355; YoshidaM. etaL (1992) 
Anticancer Res. 12:1947-1952; Monqjarfer RJL. et al. (1993) Leukemia 7:17-20; Eisman 
JJl. (1994) Kimts JA (eds) Bone and Minend Research 2:45-76; Veyron P. et aL (1993) 
Trtmsplara Inmamol 1:72-76; Gross M.«o/. J Bone Kdiner Res. 1:457-467; 

15 Costa et al. (1985) Endecriwhgy 1 17.2203-2210; Koga M^etaL (1988) Career 
Res. 48:2734-2739; Franceschi R.T. et al. (1994) J. Cell Physiol. 123:401-409; Cross 
as. et al. (1993) Nautryn Schmiedeber^ Arch. Pharmacol. 347:105-110; Zhao X. and 
Feldman D. (1993) Endocrinology 132:1808-1814; Skowronski RJT. et al. (1993) 
Endocrinology 132:1952-1960; Hemy H.L. and Norman A.W. {197S) Biochem. 

20 Bu>phys, Hes. Commun. 62:781-788; Wecksler WJL et aL (I9i0) Arch. BiochenL 
Biophys. 201:95^103; Biumbaugh P J. etal. {1975) Jm. J. Physiol. 238:384-388; 
Oldham S3- et aL (1979) Endocrinology 104:248-254; Chertow B.S. et al. (1975) 7. 
Clmlmest. 56:668-678; Canterbuiy iM. et al. (1978) /. Clin, Invest 61:1375-1383; 
Quesad J.M. 6f fl/. (1992) J. ClhL EndocrinoL Merab. 75:494-501. 

25 In certain embodiments, the vitamm D$ compounds of Ae present inveDtion can 

be used to inhibit parathyroid hormone (PTH) processing, e.g., transcriptional, 
translational processijig, and/or secretion of a paralh>Toid cell as part of a therapeutic 
protocol. Therapeutic methods using these compoimds can be readily applied to all 
diseases, involving direct or indirect effects of PTH activity, e.g., primary or secondary 

30 responses. 

Accordingly, ^ere^eutic applications for the vitamin P3 compounds of the 
invention include treating diseases such as secondary hyperparathyroidism of chronic 
renal fldlure (Slatopolsky E. et aL (1990) Kidney Int 38:841-847; Brown AJ. etal. 
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(1989) j: Clift Invest 84:728-732). Deteimmation of therapeutically afBective amounts 
and dose legim^ caa be perfimned by the skilled artisan using the data described in the 
art 

5 F. Protection A'j^t fiRt Ts^eurpnal Loss 

In yet another aspect, tb'e present invention provides a metibod of protecting 
against nenr(»ial loss by contacting a vitamin Th responsive cell, e.g„ a neuronal cell, 
with a vitamin P3 compound of the invention to prevent or retard neuron loss. The 
language 'protecting against^ is intended to include prevention, retardation, and/or 

10 texminalion of detenoration, impairment, or death of a neurons. 

Neuron loss can be the result of any condition of a neurcm in which its normal 
function is compromised. Neuron deterioration can be the resuh of any condition which 
compromises neuron function which is likely to lead to neuron loss. Neuron function 
can be compromised by^ for example, altered biochemistry, physiology, or anatomy of a 

IS neuron. Deterioration of a neuron may include membrane, dendritic, or syn^>tic 

changes which are detrimental to noimal neuronal functioning. The cause of the neuron 
deterioration, impairment, Bnd/or death may be unknown. Alternatively, it may be the 
result of age- and/or disease-related changes which occur in the nervous system of a 
subject. 

20 When neuron loss is desaibed herein as "age-related", it is intended to mclude 

neuron loss resulting from known and unknown bodily changes of a subject which are 
associated with aging* When neuron loss is described herein as "disease-related", it is 
Intended to include neurt»i loss resulting fiom known and tmknown bodily changes of a 
subject which are associated with disease. It should be understood, however, that these 

25 terms are not mutually exclusive and tiiat, in fact, many conditions diat resuh in the loss 
of neurons are both age- and disease-related. 

Exemplary age-related diseases associated with neuron loss and changes in 
neuronal morphology mclude, for example. Alzheimei's Disease, Pick's Disease, 
Paildnson's Disease, Vascular Disease, Huntington's Disease, and Age-Associated 

30 Memory Impainnent In Alzheimer^s Disease patients, neuron loss is most notable in 
the hq)pocampus^ frontal, parietal, and anterior temporal cortices, amygdala, and the 
olfeclojy system. The most prominently aflBscted zones of the hippocampus mclude the 
CAl region, the subiculum, and the entorhmal cortex. Memory loss is considered the 
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earliest and most representative cognitive change because the hippocampus is well 
known to play a crucial role in memory. Pickf s Disease i$ characterized by sevoe 
neuional degeuOTtion in the neocortex of the fiontal and anterior temporal lobes which 
is sometimes accompanied by death of neurons in the striatum. Parkinson's Disease can 
5 be ideatiiied by the loss of neurons in the substantia nigra and Ihe locus certdeus. 
Huntington's Disease is characterized by degeneration of ttie intrastriatal and cordcal 
cholinergic neurons and GAB A-^c neurons. Paildnson^s and Huntington's Diseases 
are usually associated with movem»t dis<»*rs, but often show cognitive impaumcnt 
(memory loss) as well. 

10 Age-Associated Memory Impairment (AAMI) is anottier age-associated disorder 

that is characterized by monory loss in heahhy, elderly individuals in the later decades 
oflife^ Crodk^T. etaLil9i6)DBveLNeuropsych. 2(4).261-276. Presently, the neural 
basis for AAMI has not been precisely defined. However, neuron death with aging has 
been reported to occur in many species in brain regions implicated in memory, including 

15 cortex, hippocampus, amygdala, basal ganglia, choliuergic basal fiirebraln, locus 
ceruleus, r^be nuclei, and cerebeUum, Crook. T- et oL (1986) Devel Neuropsych. 
2(4)261-276. 

Vitamin D3 compounds of the invention can protect against neuron loss by 
genomic or non-genomic mechanisms. Nuclear vitamin D3 receptors are weU known to 

20 exist in the periphery but have also been found in the brain, particularly in the 

hippocampus and neocortex. Non-genomic mechanisms may also prevent or retard 
neuron loss by regulating intraneuronal and/or peripheral calcium and phosfAate levels. 
Furthermore, vitamin D3 compounds of the invention may protect ag^nst neuronal loss 
by acting indirectly, e.g., by modulating serum PIH levels. For example, a positive 

25 correlation has been demonstrated between serum PIH levels and cognitive decline in 

Alzheimer's Disease. 

The present metfiod can be performed on cells in culture, e.g. in vitro or ex vrw, 
or on cells present in an animal subject, e.g, in vivo. Vitamin Th c<Mnpounds of the 
invention can be initially tested in vitro using neurons from embryonic rodent pups (See 
30 e.g. U.S. Patent No. 5,179,109-fctal rat tissue cufture), or other mammalian {See e.g. 
U.S. Patent No. 5,089,5 17-fetal mouse tissue culture) or non-mammalian animal 
models. These culture systems have been used to characterize tlie protection of 
peripheral, as well as, central nervous system neurons in animal or tissue culture models 
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of ischemia, strobe, trauma, nerve crush, Alzfaeiniei^s Disease, Pick's Disease, and 
Paridnson's Disease, among others. Examples of oi vitro systems to study the 
prevention of destniction of neocortical neurons mclude using in vitro cultures of fetal 
mouse neurons and glial cells previously e3qposed to various gbitamate agonists, such as 

S kairiate> NMDA, and a-^ino-3-hydrx>xy-5^etby U*S. 
Patent No. 5,089,517. See also U.S. PatMt No. 5,170,109 (treatment of rat 
corticaiyhippocampal neuron cultures with ghxtamate prior to treatment with 
neuroprotecUve compoimcO; U.S. Patent Nos. 5,163,196 and 5,196,421 (neuroprotective 
excitatory amino acid recqstor antagonists inhibit glycine, kainale, AMPA receptor 

10 binding in rats). 

Alternatively, the effects of vitamin D3 compounds of the invention can be 
characterized in v/vd using animals models. Neuron detoioration in these model 
systems is often induced by experimental trauma or intervention (e.g, application of 
toxins> nerve crush, interruption of oxygen supply). 

15 

0. Smooth Muscle Cells 

In yet another aspect, the present invention provides a method of modulating tiie 
activi^ of a vascular smooth muscle cell by contacting a vitamin lb-responsive smooth 
muscle cell with a vitamin D5 compound of the invention to activate or, preferably, 

20 inhibit die activity of the cell. The language "activity of a smooth muscle ceir is 
intended to include any activity of a smooth muscle cell, such as prolifeation, 
migradoiv adhesion and/or metabolism. 

In ccrtam emhodiments, the vitamin 1% compounds of die invention can be used 
to treat diseases and conditions associated with aberrant activity of a vitamin Ds- 

25 responsive smooth muscle cell, for example, the present invention can be used in the 
treatment of hyperprolifoative vascular diseases, such as hypertension induced vascular 
remodeling, vascular restenosis and atheroscIert>sis. In other embodiments, the 
compounds of the present invention can be used in treating disorders characterized by 
aberrant metabolism of a vitamin Da-responsive smooth muscle cell, e.g,, arterial 

30 hypotension. 

The present method can be p^formed on cells hi culture, e.g. in vitro or ex vrva, 
or on cells present in an animal subject^ e.g., in vivo. Vitamin I>3 compounds of the 
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invention can be initiaUy tested m vitrv as described in Catellot et oL (1982), J. Biol 
Chem. 257(19): 11256. 

H- Suppresfiton of Ren in Expressim and Treatment of Hypertension 
S The compounds of the present invoQition control blood pressure by the 

suppression of lennin expression and are useful as antihypertensive agents. Renin- 
angioteosin regulatory cascade plays a significant role in the regulation of blood 
piessuxe, electrolyte and volume homeostasis (Y.C- li. Abstract, DeLuca Symposium on 
VUamiii Db, Tauc, New Mexico, June 15 - June 19. 2002, p. 18). Thus, the invention 
1 0 provides a method of treating a subject for a vitamin D3 associated state, wherein the - 
vitamin Pi associated state is a disorder characterized by an aberrant activity of a cell 
that expresses renin. The method includes admmistering to the subject an effective 
amount of a compound of formula I, such that renin expression by the cell is suppressed, 
and tiie subject is thereby treated for hypotension. 

IS 

J. Treatment of Urogenital Disorders 

The invention also provides a method fer for treating a subject for a urc^ital 
disorder. The method comprises administering to the subject an efifective amount of a 
vitamm Dj compound of formula I above, such that the subject is treated for the 

20 uf og»tiai disorder. 

In one embodmient, tfie urogenital disorder comprises bladder dysfunction, 
especially bladder dysfiinction related to morphological bladder changes. TlietejTn 
bladd^ dystiiction as used in this embodiment does not include cancer of the bladder 

and associated urogenital organs. 

25 Morphological bladder changes, indudmg a progressive de-nervation and 

hypotrophy of the bladder wail are fiequent histological findings in patients with 
different bladder disorders such as overactive bladder and clmical BPH. The increase in 
tension and/or stram on the bladder observed in these conditions has been shown to be 
assodaied with cellular and molecular alterations, e.g., in cytoskeletal and contractile 

30 proteins, in mitochondrial fimction, and in various aizyme activities of the smooth 

muscle cells. The growth of the bladder wall also involves alterations in its extracellular 
matrix and non-smooth muscle components. 

These changes in the bladder are associated with the storage (faritative) 
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symptoms^ in particular frequency, urgency and nocturia. Hiese symptoms affect the ' 
social, psychological, domestic, occupaticmal^ physical and sexual lives of the patients 
leading to a profound, negative unpact on Iheir quality of life. 

Also inchided witlun urogenital disordm is benign prostatic hypeiplasia 

S (BFH). Thus the invention also provides a method for treatment of BFH comprising 
admhiistering to a subject an effective amount of a vitamin Th compound of formula I 
above, such Hhast the subject is treated £br BFH. 

BPH is connnonly associated witii enlargement of llie gland (prostate) leading 
to bladder outlet obstruction (BOO) and symptoms secondary to BOO. However, BFH 

10 is also associated with mozphological bladder changes, including a progressive 

denervation and hypertrophy of the bladder wall, the latter possibly as a consequence of 
increased functional demands. Thus, the ccxnpounds of the invention are usefiil for the 
treatment of storage Oiritative) symptoms of BPH, as well as for bladder outlet 
obstruction caused by BFH« 

15 Urograital disorders in accordance with tiie invention also include interstitial 

cystitis* Thus, in another embodiment, the invention also provides a method &r 
treatment of mterstitiai cystitis comprising administering to a subject an efifective 
amount of a vitamin compound of fbnnula I above, such that the subjea is treated for 
hiterstitial cystitis* 

20 Interstitial cystitis QC) is a chronic infiammatoiy bladder disease charactBrized 

by pelvic pain, urinary urgency and frequency. tJnlike other bladder dysfiinction ' 
conditions, IC is characterized by chronic inflammation of the bladder wall which is 
responsible for the symptomatology. In other words, the cause of the abnormal bladder 
contractility is the chronic mflammation and as a consequence tiie treatmoit should 

25 target tins etiological component In feet* the traditional treatmmt of bladder 
c^fiinctions, like overactive bladder, with smooth muscle relaxant agents, is not 
effective in patients witfi IC. 

4. PHARMACEUTICAL COMPOSITIONS 

30 The invention also provides a pharmaceutical compo^tion, comprising an 

efiective amount of a vitamm D3 compound of formula I or otherwise described herein 
and a pharmaceutically acceptable carrier. In a fivther embodiment, the efifective 
amoxmt Is effective to treat a vitantin D3 associated state, as described previously. 
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In an embodimmt, the vitamin Dj compound is administered to the subject using 
a phannaceutically-acceptable fonnulation, e,g., a phannaceutically-acceptable 
fbnnulatioii that provides sustained delivery of flie vitamin D) compo^md to a subject for 
at least 12 hours, 24 hou:^ 36 hours, 48 hoxirs, one week, two weeks, three weeks, or 
5 four weeks after the phannaceutically-acceptable formulation is administeied to the 
subject 

In certain embodiments, these pharmaceutical compositions are suhable for 
topical or oral administration to a subject. In oth^ embodiments, as desmbed in detail 
below, die pharmaceutical compositions of the present invention may be specially 

10 formulated for administration in solid or liquid &rm, including Aose adapted for the 
following: (1) oral administration, for example^ drenches (aqueous ornon-^ueous 
solutions or suspensions), tablets, boluses, powders, granules, pastes; (2) parmteral 
administration, for example, by subcutaneous^ intramuscular or mtravenous iiy ection as, 
for example, a sterile sohition or suspension; (3) topical application, for example as a 

IS ci^am, omtment or spray ^Ued to the skin; (4) mtravagmally or intrarectally, for 
example, as a pessary, cream or foam; or (5) amsol, for example, as an aquepus 
aerosol, Iqiosomal preparation or solid paiticles containing the compound. 

The phrase "pharmaceutically acceptable" refers to those vitamin compounds 
of the present invention, ccnnpositions containing such compounds, and/or dosage forms 

20 which are, witiiin die scope of sound medical judgment, suitable for use in contact with 
the tissues of human beings and animals without excessive toxicity, irritation, allergic 
response or other problem or complication, commensurate with a reasonable 
benefit^risk ratio. 

The phrase "pharmaceutically'^acceptable carrier'* includes pharmaceutical^ 
25 acceptable material, composition or v^ide, such as a liquid or solid filler, diluent, 
excipient, solvent or encapsulating material, involved in canying or transporting the 
subject dxeraical from one organ, or portion of the body, to another organ, or portion of 
the bod^. Each carrier must be "acceptable" in Hie sense of being compatible with the 
other ingredi^ts of the formulation and not injurious to the patient Some examples of 
30 materials which can serve as phaimaceutically-acceptable carriers include; (1) sugars, 
such as lactose, glucose and sucrose; (2) starches, such as com starch and potato starch; 
(3) cellulose, and its derivatives, sudi as sodium carboxymethyl cellulose, ethyl 
cellulose and cellulose acetate; (4) powdered tragacantii; (5) malt; (6) gelatin; (7) talc; 
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(8) excipients, such as cocoa butter and suppository waxes; (9) oils, such as peanut oil, 
cottonseed oil» sa£Qower oil, sesame oil, olive oil, com oil and soybean oil; (10) glycols^ 
such as piopylwe glycol; (1 1) polyols, such as glycerin, sorbitol mannitol and 
polyethylene glycol; (12) esters, such as ethyl oleate and ethyl laurate; (I3) agar; (14) 
5 buffering agents, such as magneshnn hydroxide and aluminum hydroxide; (IS) alginic 
acid; (16) pyrogen-firee watei; (17) isotonic saline; (18) Ringer's solution; (19) ethyl 
alcohol; (20) phosphate buffer solutions; and (21) other non-toxic compatible substances 
employed in pharmaceutical formulations. 

m 

Wetting agents, emulsifiers and lubricants, such as sodium lauryl sul&te and 
10 magnesium stearat^ as well as coloring agents, release agents^ coating agents, 

sweetening, flavoring and pegrfhming agists, preservatives and antioxidants can also be 

present in the compositLons. 

Examples of phannaceutical^-acceptable antioxidants include: (1) water soluble 

antioxidants, such as ascorbic acid, ^steine hydrochloride^ sodium bisulfite, sodium 
15 metabisulfite, sodium sulfite and the like; (2) oil-soluble antioxidants, sudi as ascorbyl 

pahnitate, butylated hydroxyanisole (BHA), butylated hydro^Q^luene (BHT), lechfain, 

propyl gallate, aIpha-4ocopherol, and the like; and (3) metal chelating agents, such as 

citric acid, ethylenediamine tetraacetic acid ^DTA), sorbitol, tartaric acid, pho^oric 

acid, and the like. 

20 Compositions containing a vitamin D3 compound(s) include those suitable for 

oral, nasal, topical (including buccal and sublirigual), rectal, vaginal, aen^ 
parenteral administration. The compositions m^ conveniently be presmted in unit 
dosage form and may be prepared by any methods well known in the art of pharmacy. 
The amount of active ingredient which can be combined with a carrier material to 

25 imduce a single dosage form will vary depending upon the host beir\g treated, the 
particular mode of administration. Hie amount of active ingredient which can be 
combined with a carrier material to produce a single dosage form will genmilly be that 
amount of the compound which produces a therapeutic efitect Genei3lly» out of one 
hundred per cen^ this amount wiU range fitxn about 1 per cent to about ninety-nine 

30 percent of active ingredient, pie&rably fiom about 5 per cent to about 70 per cent most 
preferably firom about 10 per cent to about 30 per cent 

Methods of preparing these campositions include the step of bringing into 
association a vitamin P3 compound(s) with the carrier and, optionally, one or more 
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accessory ingredients* In genml, llie fonnulatioiis are prepared by uniftmnly and 
intima[f]ely bringing into associfltion a vitamin D3 compound with liquid caniers^ or 
finely divided sofid carriers, or bofth, and then, if necessaiy, shaping Hie product 

Compositions of the inv»tion suitable for oral administration may be in the 
5 fom of capsules, cachets^ pills» tablets, lozenges (using a flavored basis» usually sucrose 
and acacia or tragacanHiX powders, granules, or as a solution or a suspension in an 
aqueous or non-aqueous liquid, or as an oil-in-water or water-in-oil liquid emulsion, or 
as an elixir or syrup, or as pastilles (using an inert base, such as gelatin and glycerin, or 
sucrose and acacia) and/or as mouth washes and the like, each containing a 

10 piedetennined amount ofavitamuiD3Compound(s) as an active ingredim^^ 
compound may also be administered as a bolus, electuary or paste. 

In solid dosage fbrms of the invention for oral administration (capsules, tablets, 
pills, dragees, powdm, granules and the like), the active ingredirat is mixed wiOi one or 
more phamiaceutically-acoeptable carriers, such as sodium citrate or dicalcium 

15 phosphate, and/or any of the following: (1) fillers or extenders, such as starches, lactose, 
sucrose, glucose, mannitol, and/or silicic acid; (2) binders, such as, for example^ 
carbosofmediylcellulose, alginates, gelatin, polyvinyl pynoUdme, sucrose and/or acacia; 
(3) humectants, such as glycerol; (4) disintegrating agents, such as agar-agar, calcium 
carbonate, potato or tapioca starchy algtnic acid, certain silicates, and sodium carbonate; 

20 (5) solution retarding agMbs, such as paraffin; (6) absorption accelerators, such as 
quaternary ammonium compounds; (7) w^tmg agents, such as, for example, acetyl 
alcohol and glycerol monostearate; (8) absorbents, such as kaolin and bentcmite clay; (9) 
lubricants, such a talc, calcium stearate, magnesium stearate, solid polyethylene glycols, 
sodium lauryl sul£tt6« and mixtures thereof; and (10) coloring agents. In the case of 

25 capsules, tablets and pills, the phaimaceudcal compositions may also comprise bufifering 
agents* Solid compositions of a similar type may also be employed as fillers in soft and 
hard-filled gelatin capsules using such excipients as lactose or milk sugars, as well as 
high molecular weight polyethylene glycols and the like. 

A tablet may be made by compression or molding, optionally with one or more 

30 accessory ingredients. Compressed tablets may be prepared using bind^ (fbr example, 
gelatin or hydroxyprop:^cthyl cellulose), lubricant, inert diluent, preservative, 
disintegrant (fbr example, sodium starch glycolate or cross-linked sodium 
carbo>ymettiyl cellulose), sur&ce-active or dispersing agent Molded tablets may be 

-46- 

PAGE 53IS2 * RCVD AT 1M007 VMl PM [Eastern Standard Time] ' SVICUSPTMFXRF-I/IO ' DNiS:2738300 ' CSID:6174394170 ' DURATION (inin^):24-22 



01/05/2007 18:57 FAX 8174394170 



E.A.P.&D. 



@1 054/082 



made by molding in a suitable machtne a mixture of the powdered active ingredient 
moistened with an inert liquid diluent. 

The tablets, and other solid dosage forms of the pharmaeeutical compositioxis of 
fhe present invention, such as dragees, capsules^ pills and granules, may optionally be 
S scored or prepared wilh coatings and shells, such as enteric coatings and other coatings 
well known in the phannaceudcal-fbrmulating art. Hiey may also be formulated so as to 
provide slow or controlled release of the active ingredient therein using, for example, 
hydroxypropylmethyl cellulose in vaiying proportions to pro\dde fhe desired release 
profile, oflier polymer matiices, liposomes and/or microspheres. They may be sterilized 

10 by^ for example, filtration through a bacteria-retaining fihor, or by incdpoiafing 
sterilizing agents in the fonn of st^e solid ccmpositions which can be dissolved in 
sterile water, or some other sterile injectable medium immediately before use.' Tliese 
compositions may also optionally contain opacifying agents and may be of a 
composition that tfiey release the active ingredient(s) only, or preferentially, in a certain 

IS portion of the gastrointestinal tract optionally, in a delayed manner* Examples of 

embedding compositions which can be used include polymeric substances and waxes. 
The active ingredient can also be in micro-encapsulated form, if ^propriate, witii one or 
more of the above-described excipients. 

Liquid dosage forms for oral administration of the vitamin compound(s) 

20 include phannaceutically-acceptable CTiulsions, microemulsions, solutions, suspensions, 
syrups and elixirs. In addition to the active ingredient, the liquid dosage fonns may 
contain inert diluents commonly used In the art^ such as, for example, water or otiier 
solvents, solubilizing agents and emulsifieis, such as ethyl alcohol, isoprppyl alcohol, 
etiiyl carbonate, ethyl ac^te, benzyl alcohol, ben^l benzoate, propylene glycol, 1,3- 

25 butylene glycol, oils (in particular, cottonseed, groundnut, com, germ, olive, castor and 
sesame oils), glycerol, tetrahydrofiiryl alcohol, polyethylene glycols and &tty acid estds 
of sorbitan, and mixtures thereol 

In addition to taieit diluents, the oral compositions can include adjuvants such as 
wetting ag^ts, emulsifying and suspending agents, sweetraingi fiavoring; coloring, 

30 perfiuning and preservative agoits. 

Suspensions, in addition to the active vitamin Da compound(s) may contain 
suspending agents as, for example, etiioT^lated isosteaiyl alcohols, polyoxyethylene 
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roetnhydroxide. 



Riarmaceutical compositiojis of the invention for rectal or vaginal administration 
may be presented as a suppository, which may be prepared by mixing one or more 
5 vitamin D3 compound(s) with one or more suitable nonirritating exoipients or carriers 
comprising, for example^ cocoa butter, polyethylene glycol, a suppository wax or a 
salicylate, and which is solid at room temperatuie, but liquid at body temperature and, 
therefore, will melt in the rectum or vaginal cavity and release flie active ag»t 
Compositions of the present invention vMch are suitable for vaginal 
10 administration also include pessaries, tampons, ^^ams, gels, pastes, foams or spray 
formulations contsdnmg such carriers as are known in tfie art to be appropriate. 

Dosage forms for the topical or transdermal administration of a vitamin Da 
conipound(s) include powders, sfnays, ointments, pastes, areams« lotions, ^Is, solutions, 
patches and inhalants. The active vitamin D3 compound(s) may be mixed under stmle 
1 S conditions with a phannaceutically-acceptable cairier, and with any preservatives, 
buffers, or propellants whidi may be required. 

The ointments, pastes, creams and gels may contain, in addition to vitamin Ds 
compound(s) of the present invention, excipients, such as animal and vegetable £ats» 
oils, waxes, parafiBns, starch, tragacanth, cellulose derivatives, polyeAylene gtycols, 
20 silicones, bentonites, silicic acid, talc and zinc oxide, or mixtures thereof 

Powders and q>Fays can contain, in addition to a vitamin Jh compound(s), 
excipients such as lactose, talc, silicic acid, aluminum hydroxide, calcium silicates and 
polyamide powder, or mixtures of these substances. Sprays can additionally contain 
customary propellants^ such as chlorofluorohydrocaibons and volatile unsubstitoted 
25 hydrocarbons, such as butane and propane. 

The vitamin Jh compound(s) can be attematively administered by aerosol. This 
is accomplished by preparing an aqueous aerosol, liposomal preparation or solid 
particles containing flie compound. A nonaqueous (e.g., fluorocarbon impellant) 
suspension could be used. Sonic nebulizers are preferred because they minimize 
30 exposing the agent to shear, ^ich can result in degradation of the compound. 

Ordinarily, an aqueous aerosol is made by formulating an aqueous solution or 
suspension of the agent togedier with conventional pharmaceutically-acceptable carriers 
and stabilizers. The carriers and stabilizers vary with the requiremrats of the particular 
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compouoid, bxxt typically include nozuonic snr&ctanls (Tweens, Pliiionics» or 
polyethylene glycol)^ innocuous proteins like serum albumin, sorbttan esters oleic acid, 
lecitfam, amino acids such as glycine, buffers, salts^ sugars or sugar alcohols. Aerosols 
generally are prepared from isotonic solutions. 

5 Transdennal patches have the added advantage of providing .controlled delivery 

of a vitamin compound(s) to fhe body. Such dosage forms can be made by dissolving 
or dispersing the agent in the proper medhim. Ab^^tion enhancers can also be used to 
increase tiie flux of the active ingredient across the skin. The rate of such flux can be 
controlled by eidier providing a rate controlling membrane or dispersmg the active 

10 ingredient in a polymer nurtrix or gel. 

Ophthalmic fermulationsy eye ointments, powdm, solutions and the like, are 
also contmplated as being vrifhin the scope of the invention. 

Phaimacenticfll compositions of the invention suitable for parenteral 
administration comprise one or more vitamin compounfl($) in combination mih one 

IS or more phannaceutically-acceptable sterile isotonic aqueous or nonaqueous solutions, 
dispersions, suspensions or emulsions, or stifle powders which may be reconstituted 
into sterile kgectable solutions or dispersions just prior to use, which may contain 
antioxidants, bufGbts, bacteriostats, solutes which rrader the foimulatioD isotonic with 
the blood of the intended recq)i»t or suspending or thickening agents. 

20 Examples of suitable aqueous and nonaqueous carriers which may be employed 

in the phannaceutical compositions of the invention include water, ethanol. polyols 
(such as glycerol, propylene glycol, polyefliylene glycol, and the like), and suitable 
mixtures thereof, vegetable oils, such as olive oil^ and injectable organic esters, such as 
ethyl oleate. Proper fluidlQ^ can be maintained, fbr example, by the use of coating 

25 maiBrials, such as lecithin, by the maintenance of the required particle ^ in the case of 
dispersions;, and by the use of sui&ctants. 

Iliese compositions mi^ also contain adjuvants such as preservatives, wetting 
agents, emulsifying agents and disp^ing agents. Prevention of the actum of 
microorganisms may be ensured by the inclusion of various antibacterial and antifungal 

30 agents, fbr example, paraben, chlorobutanol, phenol sorbic acid, and the like. It may also 
be desirable to include isotonic agents, such as sugars, sodium chloride, and the like into 
the con^sitions. In addition, prolonged absorption of the injectable phamiaceutical 
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form may be farou^t about by the inclusion of agents which delay absorption such as 
ahuninum monostearate and gelatin. 

In some cases^ in ord^ to prolong the effect of a dnig» it is desirable to slow the 
absorption of the drug from subcutaneous or intramuscular injection. Tlus may be 
5 accomplished by the use of a liquid suspension of crystalline or amoiphous material 
having poor water solubility. The rate of absoiption of the drug then depends upon its 
rate of dissohition which, in turn, may depend upon crystal size and crystalline form. 
Alternative^, delayed absoiption of a parenterally-administeied drug form is 
accomplished by dissolving or suspending the drug in an oil vehicle. 

■ 

1 0 Ly ectable depot forms are made by forming microencapsule matrices of vitamin 

: Dj compound(s) in biodegradable polymers such as poly lactide-polyglycolide. 
Depending on tfie ratio of drug to polymer, and the nature of tibe particular polymer 
employed, the rate of drug release can be controlled. Examples of other biodegradable 
polymers include poly(ortfaoeste«5) and poly(anhydrides). Depot injectable fonaulations 

15 are also prepared by entrapping ttie drug m liposomes or microemulsions which are 
compatible witii body tissue. 

When the vitamin D3 CQmpound(s) are administered as pharmaceuticals, to 
humans and animals, they can be given per se or as a pharmaceutical composition 
containmg, for example, 0.1 to 99.5% (more preferably. 0.5 to 90%) of active ingredient 

20 in combination with a pharmaceutically-acceptable carrier. 

Regardless of route of administration selected, the vitamin compound(s), 
which may be used in a suitable hydrated form, and/or the pharmaceutical compositions 
of the preset invention, are formulated into pharmaceutically-acceptable dosage forms 
by conventional metiiods known to those of skill in the art. 

25 Actual dosage levels and time course of administration of the active ingredients 

in tfie pharmaceutical compositions of the invention may be varied so as to obtain an 
amount of the active ingredient which is effective to achieve fte desired therapeutic 
response for a particular patient; composition, and mode of administration, without 
being toxic to the patient. An exemplary dose range is from 0, 1 to 10 mg per day. 

30 A preferred dose of the vitamin D3 compound for the present invention is tiie 

maximum that a patient can tolerate and not develop serious hypercalcemia. Preferably, 
the vitamin D3 compound of fte present invration is administered at a concentration of 
about 0.001 }xg to about 100 p.g per kilogram of body weighs about 0.001 - about 10 
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Mg/kg or about 0.001 ng about 100 jig/kg of body weight. Ranges intermediate to the 
above-recited values are also intended to be part of tfae inv^tion. 

5^ SYNTHESIS O F COMPOUNDS OF THE INVENTTON 

S Compounds of the invention can be synthesized by methods described in this 

section, the examples, and the chemical literaiuie. In particular, compounds of fomula I 
of the invention are prepared as shown in Scheme 1 below. Accordingly, compounds of 
formula I are prepared by couplfaig compounds of fonnnla II with compounds of 
fonnula III in tetrahydrofiiran with n-butyllithium as a base to give compounds of 

1 0 fimmila IV. Subsecpient removal of the protecting sily 1 gnnqis (Ri - OSi(CH3)2t3u) 
affords the 1,3 dihydroxy vitamin Jh compoimd of formula I (Ri = OH, R2 - OH). 
Acylation at the 1 and/or 3 positions is achieved using methods welKknown in tfae art 
For example, preparation of the 1,3 diacetoxy compoundjs of formula I (Rj = R2 = OAc) 
requires additional acetylation with acetic anhydride and pyridine, as shown in Schwie 

15 2 and described in Example 1. 

Scheme 1 




-51^ 



PAGE 58182 ' RCVD AT mm 7:40:52 PM [Eastern Standard Time] ' SVR:USPTO{FXRF-1/10 ' DN]S:2738300 ' CSID:61 74394170 ' DURATION M:24-22 



01/05/2007 



18:59 FAX 6174394170 

• 



E. A.P.&O. 



@ 059/082 



wherein Xi, X2, Kj, R4, Rs and R« are as defined above. 

Scheim2 

5 



Q 




Re&nitig to Schemes 1 and 3, compounds of fennula n are known compounds^ 
and are prepared starting from the known epoxy-ketone of formula V. The compoimd of 
formula V is converted to the epoxy-olefin of fbnnula VII by a Wittig reaction. 

10 Reduction with lAhMA to the compound vm and protection of the hydroxy group 
resulted in compound DC Then, the ene reaction of ^rumula IX with the known 
hydroxy-conjugated ketone X (E^j » B6 CKa)- in tetrahydrofiiran, in the presence of 
Lewis acid (CHj)} AI CI, provides the compound XI featuring the Curings and full 
side chain of the target vitamin D analogs. Finally^ removal of the silyl group and 

1 S oxidatifHi provides die key intermediate, Ketone of foimula IQ. 



20 
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Scheme 3 




III. 
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EXEMPLinCATlON OF THE INVENTION 

Hie invmUon is fiuther illustrated by the following examples which should in no 
way ^Ottld be construed as being fbrthei limiting, 

5 Synthesis of Compounds of the Invemitlon 

JSxperintBntal 

All operations involving vitamin Da analogs were conducted in amber-^lored 
glassware in a nitrogen aUnosphere, Tetrahydrofiiran was distilled from sodium- 
benzophenone ketyl just prior to its use and solutions of solutes were dried with sodium 

10 sul&te. Melting points were detemiiaed on a Thomas-Hoover capillary apparatus and 
are uncorrected. Optical rotations were measured at 25 ^C. NMR spectra were 
recorded at 400 MHz in CDCI3 unless mdicated otherwise. TLC was carried oat on 
silica gel plates (Merck PP-254) with visualization under short-wavelength UV light or 
by spraying the plates with 10% phosphomolybdic acid in methanol followed by 

IS. heating. Flash chromatography was carried out on 40-65 mesh silica geL 

Ptepaiative HPLC was performed on a 5x50 cm column and 15-30 \m mesh silica gel 
at a flow rate of 100 ml/min. 

EXAMPLE 1 

20 Synthesis of l,3^1MQcetyl'l,25'IHhydtaxy'16^e'24JSu^ 

Cholecalciferol (2) 

Referring to Scheme 2, 0.032 g of l,2S-dihydroxy-16-ene-24-keto-19-nor- 
cholecalci&rol (1) was dissolved in 0.8 ml pyridine, cooled in bodi and treated with 0^ 

25 ml acetic anhydride for 7 hours at room tmiperature and for 14 hours in a refrigerator. 
It was then diluted witli 1 ml of water* stirred for 10 min in an ice bath, diluted with 5. ml 
water and 20 ml ethyl acetate. The organic layer was washed witti 3 x S mi of water, 
then with S ml saturated sodium bicarbonate, then with brine, dried over sodium sulfate 
and evaporated. The oily residue was taken up in 1:6 ethyl acetate-^hexane, then flash 

30 ctiromalDgraphdd on a 13.5 x 110 mm column usmg 1 :6 ethyl acetate-hexane as mobile 
phase for fractions 1 - S, 1:4 ethyl acetate-hexane for the lemafaiing fractions. Fractions 
11-14 pooled and evaporated to give 0.0184 g of the title cCKnpound (2). 



-54- 



PA6E 61182 ' RCVD AT WM imi PM [Eastern Standard Time] * SVKUSPTOfFXRF-l/IO ' DNI$:2738300 ' C8ID:6174394170 * DURATION M:24'22 



01/05/2007 19:59 FAX 8174394170 



E. A.P.&D. 



@ 062/082 



EXAMPLE 2 

Deiemmaion of Maximum Tolerated Dose (MTD) ofl^O^J>iacefyl-Is25^ 

Dihydroxy'16-ene'24^Keto-19-nor' 
Owlecalciferol (2) 

5 

Hie mflvimiim tolerated dose of die vitamin D3 coznpoxmds of the invention Tvere 
detennined in eight week-old female C57BIV6 mice (3 mice/group) dosed orally (0.1 
ml/mouse) with various concentrations of Vitamin Eb analogs daily for four days. Analogs 
were formulated in,miglyol for a final concentration of 0*01, 0.03, 0.1 0.3, 1, 3, 10, 30, 100 

10 and 300 (ig/kg when given at 0.1 ml/mouse p.o. daily. Blood for serum calcium assay was 
drawn by tail bleed on day five, the final day of the study. Serum calchxm levels were 
determined using a colorimetrlc assay (Sigma Diagnostics, procedure no. 597). The 
highest dose of analog tolerated without inducing hypercalcemia (serum calcium >10.7 mg 
/dl) was taken as the maxhnum tolerated dose (NflD). Table 1 shows the relative MTD 

15 for compound (2) and compound (1). Notably, compound (2) has an MTD that is more than 
300 times greater than compound (1). 

EXAMPLES 

Immunological Assaiy ofl,3^Dtacefy^I^5J}ihydrtacjh'16^e''24-K^ 
20 Cholecalc^erol (2) 

Inmiature dendritic cells (DC) were prepared as described in Homani, N. et al. 
(Romani, N. et aL (1996) J, ImmunoL Meth. 196:137). DFN-r production by allogeneic T 
cell activation in the mixed leukocyte response (MLR) was determined as described in 
25 Penna,Q..ctal.,y/wOTwao/., 164:2405-2411 (M^^ 

Briefly, peripheral blood mononuclear cells (?BMCi were separated from bu£^ 
coats by Ficoll gradient and the same number (3x10^ of allogeneic PBMC fi^om 2 different 
donois were co-cultuied in 96-well flat-bottom plates. After 5 days, IPN-^ production in the 
MLR assay was measured by EUSA and die results expressed as amount (nM) of test 
30 compound requu^d to induce 50% inhibition of IFN-7 production (IC50)' The results are 
summarised in Table 1. 
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Table 1 



Compoxrod 


MID (mice) 


pivi 




1 


22 


nor Cholecakifml (I) 


1 


29 


em-24'Keto-19-nor ChoUcntclferol 

a) 


>300 

• 


8 



EXAMPLE4 

S Jbmmsiwiogical Assay For Modulation oflLT3 Adtvity of IfS-^OJiiacefyU 

Chobcalci/erol (2) 

I. Methods 

10 Immature deodritic cells (DC) were prepared as described in Romania N. et al. 

^(jomaiii, N. et al (1996) L ImmunoL Metfa. 196:137). Briefly, peripheral blood 
mononuclear cells (PBMCs) were obtained from a bufi^^ coat by ficoU ^ypaqiie 
gradient (Phaimacia. Biotec AB, Upsala, Sweden) and monocytes isolated from PBMCs 
by negative selected wilh a monocyte isolation kit ^Iteny. Biotech, Bergish 

1 5 Gladblach, Germany). After isolation, monocytes were cuhored for 6 to 7 days at a cell 
densiQr of 1-2 x 10^ in RPMI medium supplemented with 5% Fet^Clone I (Hyclone 
Laboratories^ Logan, Utah) 2 mM L-glutamine, 50 mgAnl gentamicin* 1 mM sodium 
pyruvate and Wo nonessential amino adds, containing 800 GM-CSF (Mlelogen 
300, Schering-Plough) and 10 ngAnl interleukin (IL)-4 (PharMingen, San Diego, 

20 Califbmia). Every other day, approximately 20% of the medium was removed and 
replaced by Ihe same volume of fresh medium containing GM-CSF and IL^4. 

After 6 to 7 days of culture^ non-adherent cells (representing inmiature Dendritic 
Cells) were harvested and cultured for 24 hours in the presence of graded doses of the 
following vitamin D compounds: l,23(OH)2D3; l^-0-DiacetyI-l,2S Dihydroxy*16-6ne- 
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24-Keto-19Hicjr Cholecalciferol (compgund (2)); and the comiwundsp Mycophenolate 
Mofcta (MMF) and Dexamethasone CDEX). 

■ 

XmmuDOglobulin-Iike transcript-3 upregulatiow was evaluated by flow cytometric 
analysis. Briefly, cells were preincubated wift 200 mg/ml human IgG (Sigma Cheniical, 
5 St. Louis, Missouri) aud subsequently stoned with anti-hmnan ILT3 antibody (see^ e.g., 
CcUa, M. et al. (1997) J. Exp. Med. 185:1743) followed by anti-mouse IgG- 
phyooeritJuyn (Jackson). Cells were flicn analyzed with a FACScan* flow cytometer 
using a Cell Ques^ software program (both fiom Beckton Dickinson, Mountain View, 
California). 

10 

H Results 

Incubation of monocyte^erived immature dendritic cells with l,2S(OH)2D3 (i)b 
or l,3-OI>lacetyH;25 Dihydroxy-I6-ene-24-Keto-19-nor Cholecalciferol (compound 
(2)) upregulated the expression of ILT3 on their cell sur&ce (see. Figure 1 below)* 
IS These data show diat these vitamin D con^oimds upregulate ILT3 expression. 

C(»versely, MMF and DEX, agents that also target dendritic cells, fiul to upregulate 
RTi esqpression at any concentration tested, up to 1000 nM. 
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FlnoresceDce 

intensity 
(Geometric 
Mean) ?n 



10 



IS 

in 

s 



15 




Componnd 2 

i;2S(OH)iD3 
MMF 

DEX 
none 



D.ft 



0. 



in 



mo 



100 



[Compounds] nM 



20 EJCAMPUES 

Soft Gelatin Capsule Formulation I 

Item Ingredients 

1 confound (2> from Example X 

1 Butylated Hydxozytoluene (3HT) 

23 3 Butylated Hydroxyanisole (BHA) 

4 MigJlyol 812 qs. 



jpug/Capeula 
10*001-0.02 
0.016 
0.016 
160.0 



Manufacturing Procedure: 

1- BHT and BHA is suspended in Miglyol 812 and wanned to about 50 ^'Cwi^ 

30 stming» until dissolved. 

2. l,25-dihydroxy-16-ene-24-oxo-5,6-trans-calcitriol is dissolved in the solution 

from step 1 at 50 "C. 

3. The solution from Step 2 is cooled at room temperature. 

4. The solution ftom Step 3 is filled into soft gelatin capsules. 
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* 



Note: AH manu&ctaring steps are perfoimed under a nitrogen atniosph^ and protected 
from light. 

EXAMPLE 6 

5 Soft Gelatin Oqfsuie Fcmudation J7 

Item Ingredients mg/Capsule 

X Con^und (2> f xcm Exa3r?>le 1 10-001-0.02 

2 di-. alpha. -TocQphexpl 0.016 

10 3 Miglyol 812 qs. 160.0 



Manufacturing Piocedure: 

1« Di-a-Tocopheml is suq[>ended in Miglyol 812*and wanned to about 

SO °C with stirring, until dissolved 
IS 2. 1 ^-dihydroxy«16-ene»24H7xO'5»6-traii^calcitriol is dissolved in the 

solution fiom step 1 at SO 

3. The solution from Step 2 is cooled at room tmpoature. 

4. Ihe solution from Step 3 is filled into soft gelatin capsules. 

20 Incorporation by Reference 

The oontents of all ra&roiices (including literature references* issued 
patents, published patent applications^ and co-pending patent applications) cited 
throughout this education are hereby eiqiressly incorporated hereb in their entireties by 
refer^iee. 

25 

Eauivalettts 

Those skilled in the art will recognize, or be able to ascertain using no 
more lhan routine experimentation, many equivalents of the specific embodiments of the 
invention described herein. Such equivalents are intmded with be encompassed by Ae 
30 following claims. 
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CLAIMS 

1. A vitamin P3 compound of foimula I: 



O 




wherein: 

Xi and Xi are each independently Ifc or =CH2, provided Xi and X\ are not both 

Ri and R2 are each independently, hydroxyl, 0C(0)Ci-C4 alkyU 
10 OC(0)hydroxyal]Q?l. OC(0)haIoalkyl. provided that Ri and R2 are aot both hydroxyl; 

R3 and R4 are each mdependenHy hydrogm. C1-C4 alkyl, bydroxyalkyl, or 
haloalkyl, or Ra and R| taken togettier vidHi C20 form C^-Ce oylooalkxl; and 

Rs and R« are each indqwndently C1-C4 aDcyi, hydroxy allcyl, or haloalkyl; and 
phannaceutically acc^yfable esters^ salts, and prodrugs thereof. 

15 

2. The compound of claim U wherein Xi and X] are each H2. 

3, The compound of claun 1, wherein R3 is hydrogen and R4 is C1-C4 alkyl. 

20 4. The com|>ound of claim 3, wherein R4 is methyl. 

S. The compound of claim 1, wherein R5 and R^ are eadi yidependently 

methyl, ethyl or fluoromethyL 
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6. 



The compound of claim 1, wherein and Re each mefhyL 



7. The compound of claim 1, i»4ierem and axe each independenfly 

5 hydroxyl or OC(0)Ci-C4 alkyl. 



8. 



Hie compound of claim 1, wherem Ri and R^ die each 0C(0)C]'C4 dXkyh 



9. 



10 



10. 



The compound of claim 1, wherem Ri and R2 aie each aceiylo^qr- 



The compound of claim 9» wherein said cximpound is: 




15 



U . A method for treating a subject for a vitamin associated state, 

comprising administ^ng to said subject an e£Bsctive amount of a vitamin Ih compound, 
such that aaid subject is treated for said vitamin-Da associated state, wherem said 
compound is: 



20 
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wherein: 

10 

Xi andXi are each independently Ifc or «CH2, provided X] and Xi are not both 

R] and aie each independCTtly, hydraxyt OC(0)CrC4 alkyl, 
0C(O)hydF0xyalkyl, OC(0)haloaIkyI, provided that Ri and aie not both hydroxyl; 
IS R3 and R4 are each independrntiy hydrogen, alkyi, hydroxyalkyl, or 

haloalkyl, or Ra and R4 taken togedi^ wilh .C20 fonn CyCe oylcoalkyl; and 

Rs and R6 are each independratly C1-C4 all^I, hydrojQ'alkyl, or haloalkyl; and 
pbarmaceutically acceptable esters* sahs, and prodrugs thereof. 

20 12, The mefliod of claim 11, wherein X| and Xi are each Ha. 

13. The method of claim 1 1 j wherein R3 is hydrogen and R4 is aUQrl. 



-62- 



PA(£ 69/82 ' lO) AT 1»7 7:40:52 PM [Easteni St^^^ 



01/05/2007 20:01 FAX 6174394170 



E. A.P.SD. 



@070/082 



1 4. Hie method of clahn 13, i^ercm R4 is methyl, 

15. Hiemethod of claim 11, wherein R5 and are each independently 
methyl, ethyl or fluorome&yl. 

5 

16. The method of clahn 1 1* Mdieiein Rs and R« are each methyl. 



17. The method of chdm 11» wherein Ri and R2 are each independently 
hydroxyl or 0C(0)Ci-C4 alkyi, 

10 

1 8. Ihe method of clahn 1 1 , wherein Ri and R3 are each 0C(O)Ci-C4 alkyl. 

19. Hie method of claim 1 1, wherein Rj and R3 are each acetyloxy. 
15 20. Hie method of claim 19> wherein said compound is: 




20 21 . The method of claim 1 1 , wherein said vitamin D3 associated state is an 

ILT3-a5sociated disorder. 

22. The metbod of claim 21, 'wherein said ILT3-associated disord^ is an 

immune disorder. 
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The meftod of claim 22, wherein said immune disorder is an 



aucoimmvne disorder* 



5 24. 




thrombotic thrombocytopenic purpura, Sjogren's syndrome, encephalitis, uveitis, 
uveoretijiitis, leukocyte adhesion deficiency, rheumatoid arthritis, rhmmaiic fever, 
1 0 Rciter's syndrome, psoriatic arthritis, progressive systemic sclerosis, primaiy biliary 
cizifaosis. pemphigus, pemphigoid, necrotizdng vasculitis, myasthenia gravis, multiple 
sclerosis lupus erythemalosus, polymyositis, sarcoidosis, granulomatosis, vasculitis, 

■ 

pernicious anemia, CNS inflammatoxy disord^, antigen-antibody complex mediated 
diseases, autoumnune haemolytic anemia, Hashimoto's fhyroiditis, Graves disease, 
15 habitual spontaneous abartions;^ Reynard's syndrome, gtomenilonephritis, 

dermatomyositis, chronic active hepatitis, celiac disease, autoimmune complications of 
AIDS, atrophic gastritis, ankylosing spondylitis and Addison's disease. 

25. The mediod of claim 22, wherem said innnune disorder is transplant 
20 rejecticm. 

26. The meOiod of claim 1 1, wherein said vitamin Da associated state is a 
disorder characterized by an aberrant activity of a vitamin Ds-responsive cell. 

25 27. The method of claim 26, whercm said disorder comprises an aberrant 

activity of a hypetproli&ratiYe skin cell. 

28. The mediod of claim 27, wherein said disorder is selected from psoriasis, 



basal cell carcinoma and keratosis. 



30 



2% The method of claim 

activity of an endocrine cell. 



26, wherein said disorder comprises an aberrant 
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30. The method of claim 29, wherein said endocrine cell is a parathyroid cell 

ft 

and tiie aberrant activity is processing and/or seoetion of parathyroid honnone. 

3L The method of claim 30, herein said disorder is secondary 

S hyperparathyroidism. 

32. The m^od of claim 26, wherein said disorder comprises an aberrant 

activity of a bone cell. 

1 0 33* The method of claim 32, wherein said disorder is selected fiom 

osteoporosis, osteodystrophy, senile osteoporosis, osteomalacia, rickets, osteitis fibrosa 
cystica, and renal osteodystrophy* 

34. The method of claim 26, wherein said disorder is cirrhosis or chronic 
IS renal disease. 

35. The method of claim 1 1, wherein said subject is a mammal. 

36. The method of claim 35, wherein said subject is a human. 

37. The method of clahn 1 1, wherein said vitamin P3 compound is 
Administered in combination with a pharmaceutically acceptable carrier. 

38. A phannaceutical composition, comprising an effective amount of a 
vitamin I>3 compound and a pharmaceutically acceptable carrier, wherein said vitamhi 
D3 compouiid is a compound as claimed in any one of claims 1-10. 

39. The phannaceutical composition of clahn 3 8, wherein said eflbcti ve 
amount is effective to treat a vftamin P3 associated state. 

30 

40. The phannaceutical composition of claim 39, wherein said vitamhi Pa 
associated state is an E^T3-a$sociated disorder. 
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41. Hie jAaxmaceutica] composition of claim 39, wherein said vitamin D3 

associated state is a disorder characterized by an aberrant activity of a vitamin D3- 
responsive cell. 

5 42. The phaimaceutioal composition of claim 41, herein said disorder 

comprises an aberrant activity of a Iryperproliferative skin cell. 

43. The pharmaceutical composition of claim 42, A^erein said disoider is 
selected from psoriasis^ basal cell carcinoma and keratosis. 

10 

44. The pliannaceutical composition of claim 4 1 , wherein said disorder 
comprises an abenrant activity of an »docrine cell. 

45. Thephannac6iidcaloonq>o^tiQnofdaim4l» wherein said endocrine cell 
IS is a parathyroid cell and the aberrant activity is processing and/or secretion of 

parathyroid hormone. 

46. Th& pbaimaceutical composition of claim 45, wherein said disorder is 
secondaiy hyperparathyroidism. 

20 

47: The pharmaceutical composition of claim 41 , wherein said disorder 

comprises an aberrant activity of a bone cell. 

48. Hie pharmaceutical composition of claim 47, wherein said disorder is 
25 selected fi-om osteoporosis, osteodystrophy, s^iile osteoporosis, osteomalacia, ric)i:ets» 

osteitis fibrosa cystica, and renal osteodystrophy. 

49. The pharmaceutical composition of claim 41, wherein said disorder is 
cirrhosis or chronic renal disease. 

30 

50. The pharmaceutical oompcsltion of claim 41, wherein said disorder is in 
a mammalian subject 
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51. The phannaceutkal coiiq}ositlon of claimSOl, wherein said subject is a 
hufflfln. 

52. A mediod of aixieliorathig a deregulation of calcium and phosphate 

5 metabolism, coznprising administering to a sul^ect a fherapeiiticalty effective amount of 
a compound of any one of claims 1 to 10, so as to amelioiate the deregulation of the 
calcium and phosphate metabolism. 

53. Hie mediod of claim 52, wherein the dmgnlation of the calcium and 
1 0 phosphate metabolism leads to osteoporosis. 

54. A method of modulating the ex)>ression of an immunoglobulin-like 
transcript 3 (ILT3) sur&ce molecule in a cell, comprising contacting said cell with a 
compound of any one of claims 1-10 m an amount elective to modulate tfae eiqmssion 

15 of an immunoglobulin-hke transcript 3 ([LT3) sur&ce molecule in said cell. 

55. The method of claim 54, wherein said cell is within a subject 

56. A method of treating an ILT3 -associated disorder in a subject, 

20 comprising administering to said subject a compound of any one of claims 1-10 in an 
amount effective to modulate the expression of an ILT3 sur&ce molecule, thereby 
treating said ILT3-associatBd disorder in said subject. 

57. The method of claim 56, wherein said ILT3-associated disorder is an 
25 immune disorder. 

5S. The method of claim 57, wherein said immune disorder is an 

autoimmune disorder. 

30 59. The method of claim S8, wherein said autoimmune disorder is selected 

fiom the group consisting of type 1 insulin-dependent diabetes mellitus, adult 
respiratoiy distress syndrome, mflammatory bowel disease, dermatitis, meningitis^ 
thrombotic thrombocytopenic purpura, Sjogren's syndrome, encephalitis, uveitis; 
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uveoretinhis, leukocyte adhesion defi&iency, riieumatoid arthritis, rheumatic fever. 
Reit^s syndiDine> psoriatic aitfuitis, progressive systemic sclerosis^ prfanaiy biliary 
cirrhosis, pemphigus, pemphigoid, necrotizing vasculitis^ myasthenia gravis, multiple 
sclerosis, lupus erythematosus, polymyositis;, sarcoidosis, granulomatosis, vasculitis, 
pernicious an^siia, CNS inflammatory di$order, antigen-antibody complex mediated 
diseases* autoimmune haemolytic anraiia, Hashimoto's tiiyroiditis. Graves disease, 
habitual spontaneous abortions^ Reynard's syndrome, glomerulonephritis, 
dermatomyositis, chronic active hepatitis, celiac disease, autoimmune complications of 
AIDS, atrophic gastritis^ ankylosing spondylitis and Addison's disease. 

60. The method of clahn 57, wherein said immune disorder is transplant 

rejection. 

6L A method of inducing immunological tolerance in a subject, comprising 

15 administering to said subject a compound of any one of claims 1-10 in an amount 
e£fective to modulate the expression of an ILT3 surface molecule, thereby mducmg 
immunological toleiance in said subject 

62, The method of claim 61, wherein said incununological tolerance is 
20 induced in an antigen-presenting cell« 

63. The mdhod of claim 62, wherein said antigen-presenting cell is selected 
from the group consisting of dendritic cells, monocytes, and macrophages. 

25 64. A method of inhibiting transplant rejection in a subject comprising 

administering to said subject a compound of any one of claims 1-10 m an amount 
e£feotive to modulate the expression of an ILT3 sur&ce molecule, thereby inhibiting 
transplant rejection m said subject 

30 65. He method ofelaim 64, whereiii said transplant is a solid oigan 

transplant 



5 



10 
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66. The metfaod of olaim 64, wherein said tFansplant is a pancreatic i$l^ 
transplant 

67. The method of claim 64> wherein said transplant is a bone marrow 
5 transplant. 

68. The method of any one of claims 52, SS, 56, 61 or 64, wherein said 
vitamin compound is administered to the subject using a phaimaceutically-acceptable 
formulation. 

10 

69. The meAod of claim 68» ^^lerein said phannaceutically-acceptable 
fonnulation provides sustained deliv^ of said vitamin Da compound io a subject for at 
least four weeks after the phannaccuticaUy-acceptable finmulation is adrnmistered to the 
subject 

15 

70. A packaged fonnuktion for use in the treatment of an associated 
disorder^ comprising a pharmaceutical composition comprising.a compound of any one 
of claims 1-10 and a phannaceutically-acceptable canier packaged widi instructions &r 
use in the treatment of an ILT3 -associated disorder. 

20 

7 L A metfaod £>r modulating immunosuppressive activity by an antigen- 

presenting cell^ comprising contacting an antigen-presenting cell with a ccxnpound of 
any one of clahns 1-9 in an amoimt effective to modulate ILT3 sxuface molecule 
expression, thereby modulating said immunosuppressive activity by said antigen- 
25 presenting cell. 

72. The method of any one of claims 52, 55, 56, 61 or 64 wherein said 

subject is a mammal. 

30 73. Ilie method Qfclaim72» wherein said subject is a human. 

74, The method of claim 54, wherein said cell is an antigen-presenting celL 

ft 
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75. The method of claims 71 or 74, wherein said antigen-^presenting cell is 
selected from the group coiisistiog of deDdritic cells, monocytes, and macrophages. 

76. The method of any one of claims 54, 56, 61 or 64, wherein the expression 
5 of said immunoglobulin-like transcript 3 (ILT3) smfiice molecule is upregolated. 

« 

77. The method of any one of claims 1 1, 52, 54, 56, 61 or 64, wherein said 
compomid is administered orally. 

10 78. The method of any one of dmms 1 1, 52, 54, 56, 61 or 64, \n*erein said 

compomid is adinmist^d intravenously* 

t 

79. The method of any one of claims 1 1, 52^ 54, 56, 61 or 64, wherein said 
compound is administered topically 

15 

80. The method of any one of claims 1 1, 52, 54, 56, 61 or 64, wherem- 
compound is administered paienterally. 

81. ThemethodofanyoneofcIa!ms54, 56,61 or 64, wherein said 

20 compound is administered at a concentration of 0.001 |ig - 1 00 pg/kg of body weight 

S2. The method of claim 81, where said compound is 13-0*Diacetyl-l,25- 

dihydro;Qr-16-ene^24-keto- 19-nor-cholecalciferol 

25 83. A packaged formulation for use m the treatment of a vitamin IH 

assodated state, comprising a phaimaceutical composition comprising a compound of 
any one of claims 1-10 and instructions for use in the treatment of a vitamin D3 
associated state. 

30 85. The method of claim 26, herein the disorder comprises aberrant activity 

of a cell that expresses renin. 

86. The method of claim 86, wherein the disorder is hypertension 
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87. Hie method of claims S6, wherein &e compound of ibnnula I suppresses 

expression of renin, thereby treating the subject for hypertension. 

5 88 . The method of clafan 26, wherein the disorder is benign prostate 

hypertrophy* 

89. The method of claim 26, wherein the disoxder is neoplastic disease. 

1 0 90. The mefliod of claim 89, wherein die cancer is selected from the group 

consisting of leukemia, lymphoma, melanoma, osteosarcoma, colon cancer, rectal 
cancer, prostate cancer, and malignant tumors of the lung, breast^ gastrointestinal tract, 
gentourinary tract. 



15 91 . The mediod of claim 26, wherein the disorder is neuronal loss^ 

* 

92. The method of claim 91, wherein the disorder is selected fixnn teh group 

consisting of Alzheimer's Disease, Pick's Disease, Parkinson's Disease, Vascular 
Disease, Huntington's Disease, and Age^Associated Memoiy Impairment. 

20 

93 « The method of claim 26, wherein the disorder is characterized by an 

aberrant activity of a vitamin Dj-responsive smooth muscle cell. 

94. The method of claim 93, wherein the disorder is hypecproliferative 
25 vascular disease selected from the group consisting of hypertcnsion-^induced vascular 

remodeling, vascular restenosis, and adiarosderosis. 

95. The methcxl of claim 93, wherein the disorder is characterized by an 
aberrant metabolism of a vitamin D}-responsive smooth muscle ceU. 

30 

96. Tie method of claun 95, i^erein the disorder is aiterial hypertension. 

97. The compound of claim 1, wherein the haloalkyl is fluoroalkyl. 
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98. Hie compound of claim 97, M^herein the fluoroalkyl is fluorometfayl or 

trifluoromethyL 

S 99. The method of claim 1 1 . wherein the haloaO^I is fluoroaUgr 1. 

100. Hie method of claim 99, wherein the fluoroalkyl is fluoromethyl or 

trifluoromcthyl. 



10 1 * A method for treating a subject for a urogenital disoider, comprising 

administering to said subject an effective amount of a vitamm Ds compound of fomula 
I of claim 1, such that said subject is treated for said urogential disorder. 



15 



102. The method of claim 101, wherein $aid disorder is bladd^ dysfunction. 

103. TTie method of claim 102, wherein said bladder dysfimction is 
characterized by the presence of bladder hypeitrophy . 

104. The method fo claim lOl, T^ierein said disorder is interstitial cystitis. 

105. The mettiod of claim 104, wherein said interstitial cystitis is chaiacterized 
by the presence of symptoms of bladd^ dysfunction and bladder inflammation. 

106. The method of claim 101, wh^ein the disorder is benign prostatic 
2S hyperplasia. 



20 
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